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pregnenolone is converted by dehydrogonarion/ 
isopaenzatioD to A'* jprcgn©ne-3,20-dione (progesterone). 
This roactioD, catslyzed by the protein 30-hydroxy steroid 
dehydrogenase/isomeraae (3p-HSD), requires 
pregncnoloae, and NAD+. 

To obtain bydrocoitisQae, progesterone subsequently i» 
tydroxlated at three positions wlxich conveceions m cata- 
lyzed by mono-oxygenases. In the conversioas of progest- 
erone into 17a-hydroxy ptogcsteione, itro proteins are 
involved: 

steroid ITa^ydroxylasc {P4^17a, a heroe-Fc-contaimog 
protein) and NADPH cytochrome reductase 
piED, a FAD- and FMN-cojoiaining proteii^ The reac- 
tioo consumes progesterone, moleculat oxygen and 
NADPH. 

For tbe conversiotn of 17a-hydioxyproge$t«ane into 17a, 
2l-aihydroxy-A'*-pregncne-3.20H3ione (cortexoloneX also 
two proteins are needed; 8leroid-21-hydrozyIasB (?4^C21, a 
hcme-Fe-containing protein) and the befoie-^iemioaedpro- 



PROCESS FOR OXTOATION OF STERDJOOS 
AND 0£N£TICALLY ENGINEERED CELLS 
VSIED THEREIN 

FBJORAk^mCATIONS s 

Hus oppUeaiton id a continuation of 09/098,990 iiled June 16, 
1 998, which is a division of U.S^ application Ser. No. 
08/4 1 8,085 filed April 6, 1 995, now XJS, Patent No. 5,869,283 
which is a condnuaxion-in-part of US. Patent application Ser. lo 
No, 08/054*1 S5 filed April 26, 1993, now abandoned which is 
a continuation of U,S. Patent application Ser. No. 07/474,S57 
filed October 30, 1990, now abandoned and U.S. Patent 
application Ser. No. 08/002,60$ filed Januazy 1 1, 1993, now 
abandoned which is a continuation of U.S. Pktent ^licacion is 
Ser. No. 09/474»798 fQed July 16. 1990, now abandoned. 

STATE OF THEi^ 

A*-pregnei]Qe-lip,i7a,21-triol-3,20'dione 
(hydrocortisone) i$ an important phaxmaceuiieal steroid, 20 RED. The reaction consutnes i7a-hydroxy 
used for its pharmacological properties as 9, coidcosteioid. progesterone, molecular oxygen and NADPR 
and as a slatting compounder the preparation of nuaieious conversion of cortexolonc into hydrocortisone, 

useM steroids, particularly other corticosteriods.Hydrocor- proteins are involved: steroid lip-hydroxylasc 

ti^onc is produced in the adrenal cortex of vertebrates and (P450^P» * hemc-Fe-containing pxotoin), and the above 
was originaUy obtained, in small amounts only, by a labo- 25 inentioncd proteins ADX and ADR. 
nous extraction &onx adrenal cortex tissue. Only after stiuc^ ^ described above> cytochrome protein^ are 
ture ducidadan weve new production routes developed, enzymes which are essential for the bibchenucalCQnversion 
characterized by a combinaixon of chemical synthesis steps cholesterol to hydrocortisone. Ihese enzymes belong to a 
and microbiological conveisions. Only because the starting larger group of cytochrome proteins (or shortly P450 
compounds which axe employed auch as sterols, bile acids ^0 proteins). Ttiey have been encounteied in prokaryotes 
and sapogemns arc abundant and cheap, the present pro- (various bacteria) and eukatyctes (yeasts, molds^ plants and 
cesses afford a less expensive product, but these still arc ^t™als). In mammals, high levelsofP4so proteins are found 
rather complicated. Several possibilities were envisaged to ^ adrenal coclex, ovaiy, testes and liver, 
improve the present processes, and also biochemioal Many of these proteins, have been pnrified and arc weU 
approaches have been tried- 35 characterized now. Iheir specific activity has been deter- 

mined. Recently, a number of reviews on this subject have 
been published such as K. Ruclcpaul and H. Rein (eds), 
^Cytochrome P450" and P. R. Oriiz de MonUllano (ed.) 

^ ''Cytochrome P^q, stzuctuio, mechanism and t>iociieniis- 

cortisone. However, the difficult isolation of the proteis*^ try". Cytochrome P450 proteins ate charactBrized by their 
the high price of the neoessaiy cofwiors, appeared Co be specific absoibance maximum at 450 »m after reduction 
prohibitive fi)r an economicaUy aitraciive laige scale pro- carbon monoxide. In prokaiyotic oxganzsms, the 

cess. proteins aie cither membrane bound or cytoplasmatic. As fii 

Another approach was to Iceep the catalyzing proteins in f bacterial, P^^proteii^ have been studied in detail 

their namtal environment and to have the adrenal cortex ^ S^'^^:^^"^^^ ^"^^ ^450^^)1 it has. been shown that a 
-- - fcnredoxm and a fenedoxin reductase are involved in the 

hydroxylatiiig activity. For eukaryotic otganHms, two types 
of P*5o proteins^ I and II tiave been described. Their t*o 
differences reside in: 

1- SUbccIhitar localization, type I is localized in the 
microsomal fraction and type n is localized in the inner 
membrane of mitochondria; 
2. the way the electrons are trmsfctred to theP^^a protein. 
Type I is reduced by KADPH v£a a P^^ reductase, 
whereas Type II is reduced by NADPH via a 
ferredoxin-rcductase (e.g. adrenodoxin reductase) and 



One attempt was to have a suitable starting $tefoM con- 
verted in an in vitro biochemical system using the isolated 
adrenal cortex proteins which are ^own to be responsible 
for the enzymatical convension in vivo of steroids to hydro- 



cells produce the desired hydrocortisone in a ceU cultuic. 
But due to the low productivity of the cells, in practice, it 
appeared to be impossible to make sudi a biochemical 
process economically attacdve. 

The in vivo process in the adrenal cortex of mammals and 
other vertebrates constitutes a biochemical pathway, wtiich 
starts with cholesterol and via various intermediate com- 
pounds eventually affords hydrocortisone (sec FIG. 1). Eight 
proteins are directly involved in ihis pathway, five of them 
being enzymes, among ^hich four cytochrome 
enzyme, and the other three being electron Iransfening 
proteins. » 

the first step is the convetsion of cholesterol to 
3p-hydroxy-5-pr6gnene-20K>ne (pregnenolone). In this 
conversion, a mono-oxygcnase leaction, three proteins are 
involved: Side-chain cleaving enzyme (P^fJSOC, a hemc- 
Fe-containi»g protein), adrcnodoxin (AJDX a Fc^Sa con- 
taining proteia) and adienodoxin reductase (ADR, a FAD- 
cootainxng protein). 

Besides cholesterol as a substrate, the reaction fiwthcr 
requires molecular oxygen and NADPH. Subscqnenily, 



50 



ss 



a fcrredoxin (e.g. adrenodoxin). 
According to EP-A-0,281;M5, cytochrome enzymes 
can be prepared from Strqjtomyces species and used for the 
CO hydroxylaiion of chemical compounds. The enzymes are 
used in isolated form* which is a rather tedious and ejqwn- 
Sive procedure, 

JP-A-62,2^6.485 (Dcrwent 87-331^4) teaches that it is 
possible 10 introduce into SaccharomyQes cersvisiae the 
6S genes of liver cytochrome enzymes and to express them 
affording enzymes which may be used £or their oxidation 
activity. However, in the above references, there is no 
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indic^iion of the use of cyiochromo P^jq enzymes fer tbe BRIEF DESCRIPTION OF THE FIGURES 
prqtaratioil of steroid coinpoimds. 

Abbicviatioivs \iscd in all figures: R^, BcoRI; H, HiQdlll; 

OBJECTS OF THE INVENTION Sc, SciL, P, PsU; K, Kpul; St, Snil; Sp, SphI; X, Xbat; N, 

It is an objea Of tho invention lo provide m improved s ^^iil^f^^l^^^^^^,^ 

biochemical pathway for ihe production of hydrocorlisonc ^ ^> BgUI and M, MIul. 

and expression cassettes useful therein. ^^G- I shows a schematic overview of the proteins 

It is another object of the invcntiop lo provide recombi- ^ succeeding steps in the conveision of cbo- 

nant host cells and their progeny contaiadne said eJcpressiDn l^fterol in hydrocortisone as occurring in the adwnal cortex 
cassette. 10 of miuunals. 

These and other objects and advantages of the inventiod ^ shows the constmctton of plasmid pGBSCC-1, 

will become obvlovs from the foUowipg detailed descr^- P^SCC-sequences arc indicated in a box (^^^. 

no, 3 shows the insertion of a synthetically dedvcd 

THE INVENTION 15 fragment (SEQ ID NO: 2) containing the 

^ 5'-P^oSCC-6cjju©nces into the plasmid pTZlSR to obtain 

ineprooessoftbeuvciztionforlheprepaxationof byd<D- the plasiaxd pTZ synlead 

f '^J? ^T*^ "^^^ FIG. 4 shows the oonstnic^ion of a foll-kngth P,soSCC 

cell in a mitnent mediuoo, ihc recombmant host containing -.^^ * r * jt^sqowv 

an e^qpression cassette, operable in a lecombinant host, ^ symheticaUy (ESS^ and by cDNA cloning 

comprising a heterologous DNA coding sequence encoding derived P45oSCC-seqncnces into pTZlfiR td obtain 

a protein, "which is functional, alone ot in cooperation with pGBSCC-2. 

one or more additional pioteiris, of catalyzing an oxidation H& 5 show^ the complete nucleotide sequence of plis- 

step in the biological pathway for conversion of cholesterol fliid pBHA-1. 

mto^«>rtisone,wMchs,^pi^ selected fco^ HG. 6 is a schematic representation of the construction of 

^'^'^f^'^^. , , , , pGBSCC-3. P^^^SCC DNA sequences from plasmid 

the conversion of cholesterol to pregnenolone; pGBSCC-2 were introduced into the BacilIua/2:. c^Ii shuHlc 

the conversion of pregRcnoIone to progesterone; plasmid pBHA-1 (SEQ ID NO: 3). Filled in bojces dit as 

the conversion of progesterone to 17a-hydroxy- indicated in the legend of FIG. 4. 

ptogesteione; HG. 7 shows the mnoductioa of a Ndel resiricrion site 

the conversion of JLTo-hydrgxyprogiesteronc to cortex- (SEQ ID NO: 4) in combination with an ATG start oodon 

olon^ hcfbie the P^soSCC-mataration site ^EQ ID NO: 6) in 

the conversion of corlexolone to hydrocortisone, and the pGBSCX>3 to c^tain pGBSCX-4. 

cortespondinB control sequences effective in said host. HG. S shows a physical map of pGBSCC-5 which is 
Ibc invention provides a multiplicity of expression cas- 35 obtained by removal of co!i sequences &om the plasmid 

setiesfor production of proteins necessary in, the consfru©- pCBSCC-4. 

^^IInT^^I^ conversion of FIG. 9 shows a Wfesiem-blot probed with antl^bodies 

mexpensive sterol starting matcnals to more nie and agaii»t P^^oSCX; demonstrating the P,,oSCC Cxpressi^^^^ 

expensive end piodiicts, wherein such conversion is <*rri^ pl*sniid pGBSOC-5 introduced in sS^^ 

out m nature sy^cms through a multiplicity of enzyme- ^ lch^lrds(hu.f).S^^^ 

I'r^t and cofactor^mediated conversions, SUch as the c) ^dB. li^en^orii, are sh^^l^il) 

productv^n of hj^rooortisoDe from cholesieroL ITie e^es- For compaii^n also purified adrenal corieVp^^SCCeS 

n^™*^ f '^r t^ was added to the^ control extract S^es^^d^S 

production of multigcmc systems for conducting these resp,)- 

aittUi-step convcisions. 45 r^i^. - , ^ ^ , 

Accordingly, in one aspect the invention is directed to an of fo^ Jc 17 iS^^^^ 

expression cassette effe^vc in a itoombinant host cell in li^^nn^r^^^^^^ 

expressing a heterologous coding DNA sequenceTwte^ SLT^^l^r nS^^ ^""^^ ''''' 

said coding sequence encodes an enZymTi^ is able, V J^^' ^^^^CC-sequences ate mdi^ 

abne or in cooperation with additional proteins, to catalyze 50 ^ ^ (^^)- 

an oiidalion step in the biological pathway for the conver- . FIG. 11 shows the P^^SCC e3Cpression of pGBSCC-17 

sioD of cholesterol to hydrocortisone. TTie expression cas- ^ ^ JMlOl. 

settee of the invention, therefore, include those sequences (^) SDS/PAGE and Coomassie brilliant blue staining of 

capable of producing, in a reooiabiuant host, the following ^ cellular protein fractions (20 /zl) prepaid from the 

proteins: side-chain cleaving enzyme (P^^CC); adreno- 55 control strain Oai» 3) and^. coU transfonnants 

doxin (ADX): adrenodoxin reductase (ADR); 3p-hydro5Cy SCC-30I and 302 (lanes 1 and 2, resp.), 400 ogpurified 

steroid dehydrogenase/isomcrase (3p.HSD>, steroid 17a- bovine P450SCC (lane 4) is shown for coojparison. 

^^jy^ (P4*ol7a); NADPH cytochrome P^^ teductase (b) Wcstem-blot analysis probed with antibodies against 

OtHD); 5tcrorf-21-hydroiQ^Iase ()?^^Cll); and steroid F450SCC of cellular protein fractions (5 /4) prepared 

hydroxylase (P^soUP)- eo torn fiie control stxainEl coU JMlOl Oane: 2) and from 

In other aspects^ the invention is directed to recombinant ibe K coH JMlQ/l (lane 3) and SCC-302 (Ime 4) 100 

host cells trans&nned with these vectors or with the express ng purified bovine F^s^OC rtane 1) is shown for 

siod cassettes off the invention, to methods to produce the comparison. 

above enzymes and to use these enzymes for osddatian, to HG. 12 shows the construction of phismid pUCG4lS- 

processes to use said host cells for specific oxidations in a 65 HG, 13 shows the construction of (he yeast expression 
culture broth and to pharmaceutical oomposiiions containing vector PGB950 by insertion of the promoter and termioaior 
compouflds prepared by said prooisses. with multiple cloning sites (SEQ ID NO: S) (^zm of 
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lwsta» ™P^CG4]^. To derive pGBSCC-6, a synthetic cDNAEooRI fngmouU respecdvely. in ihc EcoRl-atc of the 

San/Xhol fragment (SEQ E> NO; 9) co)ataimiig an ATG Stait doning vector pTZlSR. 

c^on and the codo^ for the first S aixuoo adds of P^^CC FIG. 29 sho^JVs the in vftro mutagenesis by the polymense 

^ S^J ^ P^^^^' chain reaction (PGR) of pGBC21-Z (SEQ ID NOS: 26 and 

MG. 14 3S a schematic presentation showing the cooshuc- ^ 27) to introduce BcoKV and Ndel rcslrictioa sites (SEQ ID 

**°St?f 7^ P^oSCC-cxpression cassette pGBSCC-7. NO: 28 and 29) upsUoam the P450C2I ATG^initialion COdon. 

-S* * Westem-blot probed wifli antibodies fbOowed by molecolar cloning into the cloninff vector 

specific for the protdnP^^t^CC. pSP73 to derive pGBC21-5 

Mot A contains extrapls derived from Sacdutromyc^s FIG. 30 is a schematic view of the construction of 

CCTffiwiflfl 273.10B ^oim^ pGBC21-4, containing the full-length P,5.C21 cDNA 

from S. cerBvisiae 273-lOB as a contiol (lane fitan ^° seqiwnoe. b -sd * vi^i^/^ 

^I^e^J??^-?^ 'fv*"'^.^^ ^^^^ traasfonned with HG, 31 is a schematic representation of the constracdoo 

pOBSCC.7 (koe 3) and tom i«icr£j CBS 23(50 as a of pGJBC21-5. Hie P,5„C21 cDNA sequence fmm plasmid 

i ^' pGBC2l-4 was introduced into the BadUus/E: cofi shuifle 

BlotBcontamscxlractsderivcdfiom^/bczis CBS 2360 plasmid pBHA-1 

^ 1) and JC Jactis CBS 2360 traosformod HG. 32 shows a physical map of pGBC21-6 which is 

St^ PGBSCC12 Oanc 3) or obtained by leraoval of £1 coU sc^a^es from the plasmid 

with pGBSCC-7 (lane 4). Blot C oonlams extracts derived pGBC21-5. 

'^i-tt ^ ^ ^^"'"^^ (^^^ ^) transformed FfO. 33 shows the nnrtation of pGBC21-2 by in viiio 

"^^^^^P^'^i ^) ^ With PGBSOC.13 Oane 3). mutagenesis (SEQ ID NO: 31). Ibe ^{aked 

HG. 16 IS i schematic piescntauon of the constrtiction of 20 pQBC21-7 contains a SaU restriction site fSEO ID NO- 30'i 

^S'l^lt'^^^'^r^ pGB$CC-9 containing the iso- followed by optical yeasl translation sfeiJalsinst upstl^aS 

cytodhioTO a (cyc^l). p the ATG iidtiadoncodon. 

^r^A ilf^^ * Wn^taiiiiOQ diagram of the P^SOC nO. 34 represenis the construction of pGBC2l-S con- 

c^contammg exprcssK« vector pGBSCWoX A ^aimng a fu^ength P^C21 cS^A with ^TiS ff^ 

FiaiS5hDwstheconstmctionofibe^,,SCCexpnssioD " ^^5^°"^ ^^^^mlahle for <toiing into the yeast cxpre^ 

vector pGBSCC-X2 in which a synthetically derived DNA^ 1. .... 

fragment encoding ih. pre-P^,SCC sequence is dofS'S vc^^^l^l^e^^ "^r^^T 

inserted 5' for the coding sequlSce of mature ^^^^ P^Cil^J^nf^ ossetlc pGBC21-9. 

Hai9sbowsihocoirrxictbnoftbepGB$(X^3.'niis ™.3Cshow5^mv^ 

P^CCC expression cassette for c^^ac contains Se ? ^'"^ "Z^?"" ^>f pGBllp-l to introduce appropriate flank- 

pre-P^ioSCC cDNA sequence positioned 3' of the cyc-l ff, ^^^^ sites and an ATG initiatian oodon to the 

promoter of 5L eay^visiae. . mU-lcnga P4^ollp cDNAsequencc, folJowod by molecnlar 

HG. 20 shows a schcmaixc representation of the oonstnKS- cloning into the BadUus/f:. col£ shuttle vector pBHA-1 to 

lion of the plasrakls pGBSC(M4 and pQBSCX:-15. The ^^"^ ^ plasmid pGBlip-2. 

latter contains the P^joSCC coding Sequence in frame with ^ shows the in vitro mutagenesis by the polymerase 

the cytochrome oxidase VI pre-scquence (^^ f*"*™ reaction of pGBll(3-l to introduce appropriate flank- 

nG.21 shows the construction of the plasmid pGBSCC^ mg restriction sites and an ATG initiation codon to the 

16. In this plasmid, the cytochrome oxidase VI pr^seqncnce »pl«ngw ^aso^'^P cDNAsequcnce, foUowed by molecular 
^ TUV « SSd pg^X*'^'^"' vecu>rpGBMO to d«dvc 

sequence is posmoaed 3' of lie cyc-1 promoter. err ,0 ,v ^ZiT^^It - m ^ 

FIG. 22 shows the physical maps of the pl«nrids aJS>v .nM^^."*" ""^ "^^f 

*u * J . ^. ^ ^ ^ polyATRNA/cDNA mixture by the nolvmerase chain rcao- 

f ^^^Jr ^^^^'"'^ containmg the M length « protein was inserted into Ute apptopri^sS;^ A^VcS 

OTdton to ^^d'^''*^'^ ^'^^ °* ^ ^'^ ^"^ eJipnaston vsctor pGB950 to cbtoia the plMmidpOBADX- 

nm^Ss*^o'*^°^?^ ^^"^ *J ^ ^' ^''^^ Weslcm-blot probed with antibodi« 

m^eeneas (SEQ ID NO: 17). Hie obtamed plasmid again«ADX.demonstiaiiiietheADXe™rcssioD(rf olasimd 

no^ 24 « . .he^^tic ^ c™,^.i» of the Sc?J„^cLtSx"(l^'i2lS^ 

yeast Pjjol7a expression cassette pGB17a-5. in lane 1 . v w fi-"™ gei 

innSa^'"'^0*^"^Sl'Qf 'iT ^ HG- 40*0^ the in vflro mutagenesis by the polymerase 

rrmfT^T^i, ■ ,S , ^^^^ P^"'"'*' Chan Inaction of pGBADR-1 to kiioducewproffliatel^^ 

ffi ^ r "^"'^ °^ »2 restriction sil« and an Are.iBitiatioV«rn tolto 

no wlff^ ?° ... * . m-icngdx ADR dDNA sequence, followed by mol^ 

JSmin7 "^^^f"*''*^ the constriction doning into the yeast a^r^on vector pGBd^ toS 

trf p(3B17a-7. P4S6X7a cDNA sequences ftoni plasmid 60 pGBADR-2. y ' « <» oraiv, 

SS^iSri^'****^*^**^'^'^ ''"*''^^ FIG. 41 sho^ a physical map of the expression cassette 

pio^oua pDxifi."!. pGBl7<X'-5. 

HG. 27 shows a physical map of pGB17a^ which is HQ. 42 shows a physical map of the expression cassette 

obiamed by removal of £.coZr sequences ten the plasmid pGBC21-9. ^ y t« 

^^Sa^^Z' !_ ■ . ^ ^ icpnesents ihc oonsitttCtion of the expression 

FIG. 28 shows physical maps of pGBC21-l and 2, cassette pGBl7a/C2la, containing the coding sequence &r 

conummg an 1^31d>3'-P^C21 cDNAanda540 bp5'-P^^ P^l7a and P4S0C21. both driven by the lacise promoter. 
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HG. 44 ^ws a physical map of the plasmid pTe7457. ([PTG)-idduo«l kiabda-gai cDNA library using a 

FIG.45^wsaphysicUmapof dieplasniidpTG7453. specific f^-labekd) aotibody. 

FIG. 46 shows a physical map of the pUsmidpTGlOOU. ^ «TivrA c*!*.* * i , . - v 

fIG. 47 shows a physical map of the plasmid pTGlOCXM. °' pf poauvc plaque fonninfi: units (pfii's) 

HGS. 4$ and 4P, respectively show a physical map of the < appropriate vectors to ytufy: 

plasmid pTGlOOSl and pTGl6Q33. , leiigtn or the cDNA by nucleotide scquecc- 

HG. 50 shows a physical map of the plasmid pTGl0013. t,^,."^ . 

HGS. 51 and 52, («spccdvely shwJir a physical map of the ^ R:ok»iyotic Genes 

plasmid PTGI0041 and pTGlOCKZ ^ Genomic DNA. was prepazxsd ficotti an appropnate 

FIGS. 53 and 54, respectively i^how a phy^eal map of the axicio-QiganiaQn. 

plasmid pTG10045 and pTG10046. b. Tb obtain a DNA hbiaiy, DNA&agwenls were cloned 

FIGS. 55 and 56, respeciivcly show a physical map of the into appropriate vectors and transfiumed to an annio- 

plasmid PTG10064 and PTO10065. priate £. coff hosL 

FIG. 57 is RP.H£^ analysis of Example 34. c. Tba DNAlibrary was saecned witb ^P-labe3ed Olieo- 

celhtn^^^^^'^tS^^^^^^^ andaaturingof ^ me^spcdficf^lhcgcneof inlc^c^byscr^^ 

^l!^ r^.*?'*^'^^!^^'^^^^ IFTG^ioduccdlainb^^Ut^NAlibr^t^^ 

production reactois and the use ofthese cells W the o^^ cific e'^Habeled) an^dy "^™°5*spt- 

datwa Of ooinpoimds and partiCTilarly for ihc production of j t»i # , . . . - 

stEioids,showninnG.l.Eachoffliedepictcdieactionscan ^^^3;^°"^$ of positive cjtfome^ 

be carried out separately. Also intoidiange of stisps in a DNA fragments snbdoned mto ^lopriaie vectors to 

multi-step rcactiQia is induded in Ihe invention. Micro- JI^/*- i ^i. iz^t. 

organisnisaie preferred host* but oflicr cells may be used as Entire ^ngth of the gtnc. 

well as cells of plants or animal^ optionally i^Ced in a ^t^^'^f^ ^ improved method, the particular 

cmtuieorinthetissueofUvingMsecnicpl^Uoramm ff^^^j^ (eukarychc ^tqucnces) or gene (prokaryotic 
Ihe cells of the invention arc obtaiotS by the genetic „ l^^^^'I^^i 7^ amplified usmg two specific oligomers by 
iransfoniiation of suitable receptor cells, preferably ^llso^ ^ * e «tbc«l fcoo^^^ 

suited micio^rganisms, with vectors contaimng DNA ^t? ^.u'^'^'f^^ V)L ^ pp. 4S7^91, 1988), 

sequences encoding the proteins involved in the coi^on ®"*««^«ly» ^ amplified cDNAorDNAwas mseitcd into 

of chojesftrol to hydrocortisone, comprising side-chaia aS?*"!* "^^^ . . 

dcaving, enzyme (P^oSCQ, adrcDodoKin (ADX), adreno- ^ . to one a^ 

doxinwJuctaseCADRr^^hydroi^^feioidd^^^ <^tes aie provided m whu^h the hetcrolo^ 

isomcrase (SP-HSD) stcroid-17a-hydroxylasc (?J„17a) 1?^^ ^7 1^"" previous proceAire is placed between suit- 

KADPH cytochrome P,«, lednctase (RED), steJSd-2l- '^T^'^r.^' ttanscription and translatian. 

hydroxylase (P^oC21) and sieroid-IlB-hydroxylase - P^f" ^ ^ expressed in the ccOInlar 

(P^lipy Some host cells may already prodtu* on their ^if*"'^^.? stifle hos^ affording rhc desired protein 

own one or more of the necessary proteins at a safficient ^ Optionally, the mitiaaon control sequences are 

level and thcrefiote have to be transformed with the siwk- o ^^i!^ secteUon signal sequence, 

mentaiy DNA sequences only. Snch possible own piSSas -1 J!^°?^ &ei|^ce$ have to be intrpduwd together 

are fcrredonn, ferredoxin reductase, P^^-ieductie and SJt - by said expression cassettes, 

3P-hydroxy-steroid dehydrogenasetomerase ' BKpression » made possible by transftHfmalion of a snitable 
For retrieval of the sequences which encode proieins ^ ^ost ceU wi^ a vector containing control sequences which 

«iiidi are involved in die oonvereion of cholesterol to ^J^^^^^ witfa the relevant host and arc in operable 

hydrocortisone, sniiabk DNA sources have been selected. ^ sequtoKses of which es^jression is 

An appropriate source for the letrfeval of DNAencodinffan i 

proteins wvohred in the cqnvenion of cbblesierol to hydro- v suitable control sequences present m the 

cortisone is the adrenal cortex tissue of vertebrates cji **<>^^f^°»»*™en»Ploycd, Ejqjrcssionismadepossi^^^ 

bovine adrenal cortex tissue. Also from vmous micro^ ^f«nsfonnauon of a suitable host cell with a vector coniain- 

organisms, the relevant DNA can be retrieved, eg. from sequences of the desired protein flanked by host 

Pseudcm4>nas t&stosterom, Streptomyces griseocarrms or enabling homologous recombination with the 

Brsvibactenum sterolicum for DNA encoding ihc Seoomc la Sttch a manner chat host control sequences 

3P-hydroxy-steroid dchydrogenase/xsomerase and from i^**?? «»"*«>^ «»P»fision of ihe introduced Dr^ 

Curvulajla lunata or CunimzhamelUi blakeslecana for • «^^l«too4 ^ term control sequence^ 

DNA encocfing proteins involved in the llp-hydroxylation *=*=«9™es ^ DNA segments which m necessary for the 

of oorteaolone. Ihe DNA-sequences coding for the proteins ^S^i^"**^ expression of the coding sequence 
bovine R,5oSCC; bovine P,^UP or a rmcrobralcqSvalent „ ^ J"^^ ^ «^ operably linked, sttdi as operators, 

protein, bovine adrenGd6xiii,boviiKadrBnodoJdn reductase ^^^^ paihculaiiy, pronwters and sequences which 

3p.hydroxy-steioid dehydrogenaseyisomeiasc of bovine o^ "^^^ translation. 

microbial origin, bovine P^olla, bovine P^^CZl and i in«,promi>lcr may or may not be controllable by regu- ' 

NADPH cytochrome P^ reductase of bovine or microbial • its environment. Suitable promoters for prokaryolcs 

origin, were isolated according to the following steps* include, tor example, the tip promoter (inducible by iryp- 

I- Eukaryolic Sequences (cDNA's) ^ tophan deprivation), the lac promoter ^ndudble with the 

a. TolBl RNA was prepared from appropriate tissue. ^"^"f analog IFTCX Ihe p-lactamase promoter, and the 

^ndedcDNAandhg^mtoba^^^ Bacinus. useM promoters ind\Je thie for S^-amy^ 

1^1 "^^^ ^^"^ "^^^ ^ protease* $po2. spac and 0105 and synthetic promoted 

labeled oligomers specific for the desired cDNA or by sequences. A preferred promoter is the one depicted in HG 

screening an isopropyl-p-D-ihiogalactopyranoside 5 and denoted with "Hpall", 
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Slutible promol&is for 63q>ros5ion in yeast iDcliide tb& oxidativo oonveisioD of steroids resultiz^ eventually into 
3-phospho-g^ycerate Iciaase promoter and those for other hydrocortisone, but also to msg these proteios on lh& spot in 
glycolytjc enzymes, as well as promoters for alcohol dfthy- the desired oxidative conversion of the corresponding sub- 
drogenase and yeji&t phosphatase. Also snited are the pro- strate coxrirponnd added lo the culture liquid. Steroids arc 

moteis for Iranscnption ebngatioD factor (TEF) and lactase, j picfcired substrates. The cells iransformed with thee heter- 
Mannnaliaii C3i^«!sibn sy^ms e^neraUy employ promot- ^.logaus DNA are especiaUy suited to be culnired with the 
CIS and the SV40 pitttnoicr bnt ttey ako mdnde xegiOatable steroids mentioned in HG. t including other sterols such as 
piomotere sudi as the mctallotMDnBin promoter, ^Ch ifi p,sitosteroL As a result, oxidized Slei^ids are obt;m,ed_ 

COnUOlMbprteavy ™^ Depending oh the presence in the host ccU of a mulli. 

S 7: w«l .f^^ ^0 pHci^ of heLologoiDNAemx)ding proteins involve 

siutcd, as well as expression systems based on plant cell . r ct/^ i i j5 - i __i 

piomotcES snoh as the aopaline synthetase promoters. P*^^*^ of HG. 1» seW hociiemi4»l conveistons 

TWaiioa control sequences inchide a libosoroe binding "^^^ cowpnsijog the a &dc-cham deavmg of a sterol andA>r 
site (RBS) in pfokaiyolio systems, whereas ia eukaiyotic ^^''^}^^ modificauoni of CU, Cl7, C3 and C21. 

systems translation may be controlled by a nvcleolidc Tnercforc, the expression cassettes of ihe mvention are 

sequence containing an inifialion oodon such as AUG, useful in oonstiucdng a multigenic system which can efiBect 

In addition to the necessary promoter and the translatioti sncccssive intra-cdlular transformations of the multiple 
CJOntrol sequence, a variety of other control sequences, steps in the sequence as depicted in HG. 1. It may be 
including those regulaung tenninadon (for example^ result- necessary to introduce into the desired host expression 
ing in polyadenyktion sequences in eulcaiyotic systems) cassettes which encode in their entirety the required pro- 
may be used in controlling expression. Some systems oon- 20 teins. In some instances, dug or more of the proteins 
tain enhancer eleincnts which are desirable, but mostly not involved in the pathway may already be present in the host 
obligatory, in effecting expression. as a natural protein exettiag the same activity. For example^ 

Ihc invention also discloses expression cassettes cQntaiQ- feiredoxin, fbiredoxin reductase and zcductass may 

ing still another hetaiologous coding scquenoo encoding an aired dy be present in the hosL Under those circumstances, 

enzyme which catalyzes, alone or in cooperation with one or 7S OKdy the remaining m^mes must be provided by reoombx- 

more additional proteins^ another step of the pathway of nant transfonnation. 

PIG. 1- As an alternative to biochemical conversions in vivo, the 

A groi^ of vectors denoted with pGBSCC-n, where "n" proteins involved in the conversioQ of cholesterol to hydro- 
is any integer from 1 to 17, is c^ecially developed for the cortisone are collected^ purified ajs far as necessary, and used 
DNA encoding the I^^^qSCC enzyme. lo for the in vitro convcraon of steroids in a cell free system. 

Another group of vectors denoted with pGB17a-n, where e.g. immobilized on a column. Alternatively, the more or less 

"a" is any integer from 1 to 5, is eepecially developed for the purified mixture containing one or more enzymes of the 

DNA encoding the P^s^XVa eozmye. pathway is used «s swak for steroid conversion. One excm- 

A further groL^ of vectors denoted with pOBC21-n, pMed hostooatains DNA encoding two heterologous pro- 

where "n" is any integer from 1 to 9, isespediaJly developed as teins viz. the enzyme V^^CC and the protein ADX nec- 

for the DNA encoding the "P^yfilL enzyme. essary for the production of pregnenolone. In cooaparison 

Still another group of vectors denoted with pGBll^-n, with a host with only P^soSCC DNA, the yield of preg- 

where '^n" is any integer from 1 to 4, is especially developed nenolone in a cell-free extract after adding ADR, NADPH 

for the DNA encoding the Pa^qIIP enzyme. a^ cholesterol ts considerably improved. 

According to a further aspect of the inveniioa, suitable AO The present invention prov^cs expression cassettes nec- 

host cells have been selected which accept the vectors of the essary for the cocsomction Of a one-step production process 

invention and allow the introduced DNA to be e^cpressed, for several usefiil steroids. Starting &om cheap and abun- 

When cuUvdng the transformed host cells, the proteins dantly available starting compounds^ it is especially suited 

involved in the convezsion of cholesterol to hydro-oodisone from the production of hydrocortisone and intermediate 

appear in the ceEcomenlS. Hie presence of the desired DNA 4S compounds. The invendon renders obsolete traditiDnAl 

can be proven by DNA hybridizing procedures, their tran- expensive chemical reactioos. Intermediate oon^imds 

scripdon by RNAhybddization, their expiession by immu- need not be isolated. Apart from the novel host cdls» the 

iiobgLcal assays and ^eir activity by assessing piGsenoe of processes used for cultaring diese cells on behalf of steroid 

oxidized products after incubatio n with the starting com- conversions are analogous 10 bio-technological procedures 

pound in vitro or in vivo. so well known in the art. 

Tratisfoimed microorganisms are preferred hosts^particQ- It has now been accomplished to done in one host 

larly bacteria (more -^ti^iBbly Escherichia coli and Bacillus organism, the genes which code for the proteins which are 

and Stxeptomyces Species) aini yeasts (such as Saccbaromy- able to catalyze two separate oxidaiiOn& on the steroid 

CCS and Kluyveromyoes). Other suitable host organisms are molecule and pailiculaxly for the proteins shown in FIG. 1. 

found among plants and animals comprising insects, of $$ La particular, it has been realized to done the proteins 

which the isolated cells are used in a cell culture, such as responsible for the steroid 17a-faydrDxylatjon and for the 

COS cells, Ciz7 cellSr CHO cells, and Spodoptera pu- steroid C21*<hydroxylatfon in one asid the same host organ- 

giperda ($f9) ceHs, Alternatively, a transgenic plant or iSm and to have saM host organisna express Said proteins in 

animal is used. a i&inccional form. Moreover in another aspect of the 

A particular type of recombinant host cells are the ones^ eo inventionp a process is provided in whidh said iransformed 

in which either two or more Kxpressjon cassettes of the mlcro'^origanisiixs when grown in a fennentalioa medium 

invention have been introduced or which have been trans- oxidize a steroiid substrate present in the medium simulla- 

fonned by an exprsssion cassette coding for al least two neously at two diSerent positions of (he stcnoid molecule. In 

heterologous proteins, enabling tbe ceU Lo produce at least particular, a one-step process is achieved for the introduction 

iwo proteins involved in ibe pathway of HG. 1. 6$ of the 17a- as well as the 21-hydroxyl group. 

A major feature of the invention is that the prepared novel A preferred host organism is Kluyveromyces laais or is 

cells are not only able to produce the proteins involved in tbe SaccharOfnyces cemHsiae^ but other host organisms and in 
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paiticuhr mkio-orgaQisms, esped^Uy those pceviously 
mentioned, can be used. More particularly, the micro- 
organisnis are suitable which have been described above j&if 
cloning and cxprcEsing the genes of the b a o c bemical path- 
way as ^cnwQ in FIO. 1. 

One way to prtpaie a hosl able to cany out a multipl© 
steroid oxidatiod is lo transform the host with two or more 
vectors each oontiining the gene for one oxidadon step* On© 
exemplified tr^iisi^noed host contains DNA encoding the 
P^17a and 3p-HSDHproteins. Anolher way is to have the 
host traos&twed by one vector oontaiziing an expression 
cassette with all genes coding for the proteins necessary for 
the desued mullipiLe oxidation reaction. Accoicd»Qg to the 
ujyention, the expression cassette conlains at least two 
structural genes, each flanked by proper control sequences. 
One exemplified eacpicssion Cassette contains DNA encod- 
ing the proteins F^sol7a and P^so-C^l (pGB17<t/C21-l). 

Using the method of the invention it is possible, u&ing 
methods known in the an, to prepare analogous expression 
cassettes and host ccDs Coulaimng them, widl which ii » 
possible to carry out other multiple steroid oxidations and 
eventually the oonversioo of cholesterol into hydrocoitisone 
in a ctnglft &imentalion process. 

In another embodimcot of the invention^ the Bp-hydcoxy- 
5<xi6 steroid dehydrogenase and 5«enc^-4-ene steroid 
isomerase (3(^ HSDH) form a biftinctional enzyme which 
catalyzes two independant reactioos traasfonning pre- 
genenolone into progjestcronc. The protein of 42 kD is 
eiKX)ded by a sin^e open reading frame. cDNA's and/or 
genes have been cloned from human (Lachanee et al^ J. 
BioL Chem. 265 (1990) p 20469-20475 ; Udiance et aL, 
DNA CcU Biol. 10 (1991) p 701-711), bovine (Zhao el al., 
FEBS lett 259 (1989)p 153-157 and rat (2hao et al-,X Biol. 
Chem. 266 (1990) p 583-593)j Simaid J, « al^ J. BioL 
Cbem. 266 (1991) p X4S42^14£t4iO. The determined 
N-tennlnus corresponds to the deduced amino acid 
sequeiQce. In Inunao, two types have been described: typo I 
3p HSDH has been isolated from placenta and is also 
e:q>rcssed in skin; type n 3P HSDH was isolated from 
adrenals and gooads- Nucleotide bomologies between exons 
1 till 4 are 77.1, 91,8, 94 and 94% re^ectively and 94% at 
the amino acid level After expression in HeLa cells of the 
respective cDNA's, it was found that the type I enzyme is 
more active (Vmax/Km) on pregenenolone^ DHEA 
(dehydioepiandzasteione) and DHT (dihydrotestoSleiFone). 
This is primarily due to a lower Kzn» e.g. for pregnenolone 
(0^ versus 1.2 ^dvO- Even in the absence of a mitochondrial 
taigctting sequence, ttic 3p HSDH cn2ymes are Icnown as 
membrane-associated pioieios, located in microsomal as 
well as ia ixdiochondd^ mensbraocs. 

In the followiog exasaples, there are described several 
preferred embodiments lo illustrate the invention. Howtveii 
it should be understood that the invention is not intended to 
be limited to the specific embodiments. 

EXAMPLEl 

Molecular Qonmg of a Full-length cDNA 
Encoding ihe Bovine Cyiochrome P^5o Side Chain 
Cleav^ £a2^e (P^^^(X) 

General doDing tedsoiques as well as DNA and RNA 
analyses have bees used as described in the handbook of T. 
Maniatis ct al.. Molecular Cloning, Cold Spring Harbor 
Laboratory, 1982. Unless described elsewhere, $11 DNA 
modifying eniymes, molecular clonrog vehicles and B. coU 
strains were obtained fsom commercial suppliers aod used 
according to tl:ie oaaaufactux^r's isstructions. Materials and 
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apparatus for DNA and RNA separation and punfication 
were used according to instructions of the suppliers. 

Bovine adrenal scoilex tissue was prepared from freshly 
obtained bovine kidneys, quickly frozen in liquid nitrogen 
5 and stored ai -40° C From ftozen bovine adrenal cortex, 
total cellular RNA was prepared as described by Anffrey et 
al (Eur, J. Biochem., ^ 107, p. 303-314, 1980)l Adicoal 
pciy A+ RNA was obtawo^ by heating the total RNAsauoiple 
at 65* C. before polyA selection on oligo(dl) chxomatog- 
10 japhy. 

DNA's complementary to polyA"*" RNA from bovine 
at&enal cortex were synthesized as follows: 10 /<g of pOlyA^ 
RNA, tre&ted with methylmercutic hydroodde were neulral- 
iz&d v/ith {t~mercaploethanol and the mixture was adjusted 

^ lo50mMTri^a(pH83at42^C.X40mMKa,6mM 
MgOs, 10 mM DTT, 3000 U RNasin/ml, 4 mM Na4Pjj07, 
50/«g actinomycinc D/ml, 0.1 mg oligp(dT^.^g)/ml , 0.5 mM 
dGTP, 0.5 mM dATP, 0.5 mM dlTP, 0.25 mM dCTP and 
400 ^ a ^-dCrPM, all in a final volume of 100 piL Tht 

^ mixtW! was put on ice for 10 minutes, heated for 2 micmtes 
at 42* C and Ibe synthesis was started by addition of 150 U 
AMV reverse transcriptase (Anglian Biotechnology Ltd,); 
ioicubadoia was performed for 1 hour at 42° C. 
Second strand synthesis was performed by adding DNA 

^ polymerase and RNasc H aocoiding CO Gubler et al (Gone, 
m 25, pp. 263-269, 1983). After Ireattnent of Oae ds DNA 
with T4 DNA polymerase (BRL) to obtain blunt ^ids, 
decameric EcoXU liiflceis (Biolabs Itv:.) were ligal^ 

DNA fragmeiSits. After djgiestioa with EcoRI-linkets by 
Biogel A15 m (Bio-Rad) chromatography. Approximate^ 
200 Dg EcoRJ^ioker containing double stranded cDNA was 
ligatcd with 10 ^ of EooRl digested and calf intcstine- 
pbosphatase (Boehringcr) treated with lambdagtll vector 
DNA (Promega) by T4-DNA ligasc (Boehringer) as 
described by Huynh et al, (In; "DNA cloning techniques; A 
practical approach", pp. 49-78, Oxford IRL-press, 1985). 
Phages obtained afier in vitro padcaging of the ligation 
mixture were used to infect the E, coU Y1090 host 

40 ff^ega). 

From this cDNA library, approximately 10^ plaque fozm- 
ing units ^fd's) were screened with a ^P-^d labeled 
synthetic oKgomer SOC-1 (5'-C5GC TOA OGA AGT CCT 
GAG ACA CTG GAT TCAGCACrGG-30. (SEQ ID NO; 

45 1) Specific for bovine P4S9SCCDNA6eqwenc«s as described 
by Moiohashi el al- O?roc NaiL Acad. Sdu USA, ^bl $1, pp. 
4647-4651, 1984)l Six hybridizing pfii's were obtained and 
fiirtber purified by two addition^ rounds of infection, plat- 
ing and hybridization. The P45oSCCd5NA EooRI inserts 
were subdoned into the EcoRI site of pTZldR (Phatmada). 
Clone pGBSCC-1 (FIG. 2), containing Ihe largest EcoRI 
instn (1.4 W)y derived from the clone lambdagQl SCC-54 
was fiirther a^ialyzed by restncdon en^nooe mappisig aod 
sequencing. 

55 Hie sequence data xevealed that the pGBSCC-1 BooRl 
insert was identical with the nudeofide sequence of 
SCCcDNA botween positions 251 and 1S24 on the 
P^g$CCdONA map as described by Morohashi et at 
The remaining 5'-P4SDSCCcDNADucleoptides weie syn- 

60 thetically derived by doning a 177 bp PsVKiodlll fragme^nt 
(SEQ ID NO: 2) into the appropriate sites of pTZlSR» 
resuliing in die pTZ^yn lead as shown in FIG. 3^ containiz^ 
besides the nudcotidcs coding fox the matuie P^^^SCC 
protein from position 188 to 273 as published by Morohashi 

65 ct aL, additional restrictive sites for Seal, Avrll and StuI 
without alDscCing the predicted amino acid sequence of the 
P^^CC protein. 
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The full-length p45(,SCCcDNA was constructed by tbe sbiultle plasmid by agaioso gd electioplioresis and 
molecular doniDg in £. coU JMlOl (ATCC 33876) of a subscquenl religation and transfonnation into Badtius sub- 
ligation mixlnre containing the 1372 bp HindlH/Kpnl tilts 1A40 (BGSC XMO) competftnx Cftlls. N«)inycin resis- 
pGBSCC-1 fragment, the 177 bp Pst/HindEI pTZ/syn lead tant colonies were analyzed and the pUsmid pGBSCC-5 
fragment and pTZ19R DNA digested with Psti and I^nl. 5 (FIG. 8) was obtained. Expression of bovine p4s«j$CC was 
The resulting pla^mid, pGBSCC-2, mnhnmT>g all mideotid© studied by preparing a cjellukr protein ff Action of an over- 
sequences encoding the mature bovine P^5o side chain night culture at 37^ C. in TSB medium (Gibco) containing 
cleavage protein is shown in FIG. 4. 10 /<g/nil of neomycin. Cells of 100 pH of cultuie, containing 

appto^aiely 5-10^ cells, were harvested by centrifugatioo 

EXAMPLE 2 10 and lesuspended » 10 mM Tas/HC^ pH 75, Lysis was 

performed by addiog iysosyme (1 m^ml) and incubation 

OoEistniction, TVansformAtion and Expression of during 15 minutes at 37* C. After treatment with 02, mg 

P4S0SCC m the Bacteiial Host Baeilkts sfMlis DNascAnl damig 5 minutes at 37* C, the mixture was 

rru J - • * V T» ■ T5,^T adjususd to 1«SB buflfet; as described by Laemmli, Nature, 
Tb derive expiessmn of cytodnrome P^g|5CC m a Bacu- TT r^Tri Jon Joir • r i 1 i , 

1 u _* n T^xT A JTj: J i JT 1^ ^^1^ 227, Pp- 680-685, 1970, in a final volume of 200 uL 

^rm'^ n^^^^^ .^^^ Afterhei^ for5 mii^mes at 100^ C. 15 /U of ibe mixtir^ 

ct^i^^acdlns shuttle vector pBHA.1. was snhjectSl to a 7.5% of SDS/polyacr^^^ 

HG. S shovvs ihe nucleotide sequence of the shuiae erophoreds- A& shown in FIG, 9 (Une C), a 53 kDa band 

plasmid pBHA-1 (SEQ ID NO: 3). The plasnud consisls of detected after iraraunoblotting of the gpl probed 

positions 11-105 and 121-215: bacteriophage FD tenmia- P,,o$CC specific antibodies. Specific bovine P^.^CC 

tor (double); poatioxM 321-307: a part of pUsmxd pBRa22 antibodies ^trcrc obtained by immunization of rabbits with 

(viz. positions 206^2153); poat«5ns 313-768: badten^h- -g^^j P^^SCC protein isolated from bovine adrenal cor- 

age Fl, origin of replication (viz. posihons 54S2-5943) tiOTje. 
positions 772r-2571: part of plasinid pBR322> viz. ttie OtigiD 

of reparation and the ^-lactamase gene; positions ^ EXAMPLE 3 
2572-2685: iransposon TN903, complete gpnome; positions 

2719-2772: tryptophan terminator (double); positions ExpresiriDn of P^cqSCC in the Bacterial Host 

2773-3729: transposon Th9, the chloramphenicolacetyl BodUvS Udiemfomas 
transferase gcoc^ The miclcotides at position 3005 (A), 3038 

(C), 3302 (A) and 3409 (A) differed from Ihe wild type cat Expression of bovine P^^qSCC in B. Uckeniformis was 

coding sequence. These mutations were introduced to climi- performed by transformaiion plasmid pGB$CC-5 into the 

nate the Ncol, Ball, EcoRI and PvuII sites: positions appropriate host strain B. /fcftewlTfliTTTifc? T5 (CBS 470.S3). A 

3730-3804: multiple doning site; positions 3807-7264; part cclhilar protein fraction prepared as described in Example 2, 

Of plasmid pUBllO containing the Bacillus ^'Hpair fi^om ^ overnight cultuie at 37'' C in I^ton Soy Broth 

promoter, the leplkation funcdbn and kanamydn resistance (TSB) medium (Oxoid) contaiinng 10 /^gAnl of neomycin, 

gene (BooRI-PvulI fragment) Q^feK)6nzie et aL, Plasmid, was analyzed by SDS/I^VGE and ^/^stem-^lotting. As 

15, pp 93-103, 1986 and McKcnzie ct al.» Plasmid, Vol. shown in FIG. 9 (lane ^ a 53 kDa sized protein band was 

17, pp. 83-85, 1987); positions 7267-7331: multiple donine Visualized after incubadon of the nitroceUuIose filter with 

site. The fragments were put together by known cloning antibodies specific for bovine P^y^SCX:. One ttansfoimant, 
techniques, e-g. filling in of sticky ends with Klenow, ^ SCC-201, was further analyzed for in vivo activiiy of 

adapter cloning, etc All data were derived from Genbank®» P4jqSCC (see Example U)- 
NAtional Nucleic Add Sequence Data Bank, NIH> USA 

pGB$CC-3 was derived by molecular cloning in E. coli EXAMPLE 4 
JMlOl of the KpnI/SphI P^^oSCCcDNA insert of 

pGBSCC-2 (described in Example 1) into the appropiiate 4$ Expression of P^soSCC in (he Bacterial Host 

sites in pBHA-1 as indicated in FIG. 6. Esehericftia CoH 

By TOolficular cloning in £. coU JMlOl, the metMonme (a) Constmction of the Expression Cassette 

initiation codon was introduced by exchanging the Stul/Spbl lb derive a suitable expression vector in the host E. coU 

(SEQ ID NO: 6) firagmcat in pGBSCC-3 by a synthetically for bovine P4^CC, pTZlSR was mutated by siie-directed 
derived Sphl/StuI fragment. 50 mutagenesis as described by Zoller et al. (Methods in 

Enzymology, \foL lOO, pp. 468-SOO, 1983); 2blier et aL 
(Methods in Enzymobgy; Vbl. 154, 329-350> 1987) and 

fipg 1 STV -1 Kramer et al.(Method5 in EnzymoIogy» VoL 154, pp. 

cjaa3EaTCftG7acT&AGaccccTAC«5 (5EQ ID »o.4 ) 350-367, 1987). Plasmids and strains for in vitro nmtag^n^ 

1 csis experiments vvere obtamed from Fhatmaaa Inc. 

A synthetic derived oligomer with the sequence: 

S'-CaS GAA. ACA CKT KTG ACC AZG AIT-3 * (SEQ ID ]90s7) 

I I 

containtng an Ndel site at the AXG initiaticQ codon. The was used to create an Ndel testriction site at the ATG 
obtained plasmid pGBSOC-4 is shown in FIG. 7. The "Hpa initiatioQCodonof the lac Z gene in pTZ18R.Ihe resulting 
n" Bacillus promoter was introduced upstream of plasmid pTZlBRN was digested with Ndel and l^nl and the 
P^joSCCcDNA seque??ces by digesdott of thejj. cqU part of NdelOspnl DKA fr^ent of pGBSCC-4 containing the 
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Ml-lepgth SCCbDNA, was msetted by znoIecuUr cloning as (c) T^Dsform&lioii of K. lactis 

indicated in FIG. 10. The transcription of P^joSCCcDNA lactis strain CBS 2360 was grown in XOO ml of 

sequences in the dciivcdpIasmidpGBSCC-17 will be driven YEPD-mcdium (19& yeast extract, 29&pcptone» 2% glucose- 

by the E. coU lac-promotec mon&hydraie) containing 2J5 ml of 6.79& (w/w) yeast nilro- 
(b) Expression of P45oSCC in the Hosl E. coli JMlOl 5 gen base (Difco laboratories) soktion to an OD^jo of about 

pGBSCC-17 was inlioduced into E, coli JMlOl compe- 7. From 10 nil of tibie culture, the cells were collected by 

tent c^lls by selecting ampicillin resistant colonies. Expreg- centrifugalion, washed with TE-buffer (lO-mM TfHs-HG pH 

sion of cytochrome Vj^^QC was studied by preparing a 75; 0-1 mM 3£DTA) ajod resuspended in 1 ml of TE-bufEer, 

cellular protein fraction (described in Example 2) of trans- An equal volume of 0.2 M lithium acetate was added and the 

formants SCC.301 and 302 ftom an overnight culture at 37* mixtuic was incubated for 1 how at 30^ C. in a shaidng 

C in 2xTY medium (containiog per liter of de-ionized watcibath- 15 ^ of pGBSCC.7 was cut at the umque SacH 

water Bado tryptone (Difoo), 16 g; yeast extract (DiFco). site in the lactase promoter, ethanol precipitated and tcsus- 

10 g and Naa 5 containing 50 ^gM of ampicillin. pcndcd in 15 ^ of mbuffer. This DNA preparation was 

Protein fractions were analyzed by SDS/PAGE stained 35 added to 100 /d of the pre-incubatcd cells and the incubation 

with CoomassiebrilHantblue(nG. IIA) or by Western-blot "^^PfSlS"^^' 30 rnmules. Then, an equal volume of 

and probed, with mtibodies specific for bovine P^^SCX: ^0% PEG 4000 was added and the mixture was mc^atfid 

(HG IIB). Both analyses show a protein of the expected for 1 hour at the Sarne tcmpei^^^ 

1 *u /TJiA 11 A 1 « 1 An 1 L xsin itn lor^^ ^ oaimites at 42** C Then, 1 ml of IfEPD-medium was 

kngm(Hail>^laneslar^2^^^ ^ ^ innnUcs in 1 

4) fer the transforman^ ^"^^^^ shaking watcibafh of 3(^0. FinaUy. the <»ll«wete colte 

which IS absent m the coh JMlOl control steam (FIG. cemrifofiation, icsuspcnded in 300 ^ of YEPD and 

llA, lane 5 and FIG. UB, lane 2). ^vc^iX on agar plates ccmlaining 15 ml of YEPD agar with 

„ p < jcig^ of genclicia and were overkyerod 1 hour before 
^^^^^^^^ 25 usswith 15 ml of yEPD-agarwiiboutG418- Colonies were 

CbnstnicUrai, Transformation and Expression of grown for 3 days at 30* C. 

Proserin die Yeast JQ«yv«fOOTy^ (d) Analjrsis of the Traiwformanis 

(a) InUo^lito of the Gencliein Rcsisitooe Madcer in ^^^^iS!H!f tbe,«>^f>l ™S 2360 were 
pUci9 grown in YEPD medium for about 64 hours at 30* C, The 

A DNA &agoic»t coBftpdsing the Ta5 gene CReies et aU collected by centrifugation, resaspcoded in a 

EMBO J., VbL 3. pp, 3317-3322, 1984) conferring resis^ physiological salt solution of an 0D^„ of 300 and dismpted 

tan«e to gcncddn under the direction of tb^ alcohol ddiy- ^hsUs^si^ with glass beads for 3 minutes on a Vortexshaker 

diDgenase I (ADHI) promoter from S. canndsiae, similar to «»™m speed. Cell debr^ was removed by oentrifa- 

lhatdescribcdbyBenmtonetal.(J.BtoLChem^VoL 35 S^^?? ^^r^ T'^u ^ 

^^•A •^.A^v i . J • ^ #■ v-j*^ ^«^TT^«A mimfuge GL. Ftom the superoatants, 40 id samples were 

pp. 3018-3025,1962) was inserted mioSmal site of pUCl9 ^ , - 4 / tTr^" i«:a i™^,^ 

•5. . , _ ^ ; ^ i/^-) inoe\ lalccn for analysis ou immunoblots (sc© FIG* 15A, lane 3 and 

(Yaniseh-Penon et al., Gene., \bL 33, pp. 10^119, 1985), . 

TTie obtained phianid, pl^^^ is sho^m m HG 12. ^ ^j^^^ ^ ^^^^^^^ expected length is 

^. coH contammg pUCG4l8 was d^sited « Centraal ^ ^^-^ transfomied with pGBSCC^7. 

Burean voor Sdrimmelcultorcs under CBS 872.87, ^ transforman was denoted ti&ICiactis SCC^lOl. 

(b) Construction of the EjqnessLoa Cassette 

A "(rector wa& constructed, oompxisiiig pUCG418 (for EXAMPLE 6 

description see Example 5(a)) cut with Xbal and Hindin, the CbDStnicdon^ T^ansformatioD and Expression of 

Xbal-SaU fragment from pGB901 containing the lactase ^ F^^f^C in the Yeast Sacdtaromyces Cmvisia^ 

promoter (see van den Beig et al., Cbntinnation-in-pazt of (a) CbnSteUOliOn Of the EjCpression Cassette 

U.S. patent applicatioaSer. No. 572,414c KSuyvetomyees as lb delete the lactase promoterp pGB950 (see Example 

a host strdn) and synthetic DNA comprising pait of the 3* 4(b)) was cut with Xbal and Sail and the sticky ends were 

nonooding region of the lactase gene of K lactis. This filled in usmg Eleoow DNA polymerase and subsequently 
plasmid, pQB950, is depicted in HG. 13. pGB950 was cut so ligated. In the lesuliing plasmid, pGfiSOC-8, the Xbal-site 

with Sail and Xfaol and synthetic DNA was inserted: was destroyed, bui the Sail site was maintained. 



SM. 1 gTP,. ,1 KHO X 

6n£XtAct^Cl^A3TCroAG(»2^CC0^2^CCEA&*A6CX ISf l)O:10> 

resulting in plasmid pGBSCC-6 as shown in FIG. 13. The Sall-fragment from pGB161 (sec J. A. van den Bcig 

et al., European Patent No. 96,430) containing the isocyto- 

^ -^.^ ^ ysv^^^^^^ , chrome CI (eye 1) promoter &om 5. csTTevtr/o^ was isolated 

The StuI^EcoRI firagment from pGBSCa2 (see Example ^ ^ partiaUy diges ted with XhoL The 670 bp XhoI-SaU 

1) containing the P^joSCC coding legion was isoUted and fragment was isolated and cloned into the SaU-siie of 

the sticky end was filled in, using Klenow DNApolymerase. pGBSCC-8. In the selected plasmid, pGBSCC-9, the Sall- 

This Segment was inserted into pGBSCC-6 cut with Stul. ^ gitg befweeo the eye 1 promoter and the 3' noncodxng region 

The plasmid containing the fragment in the correct ozienta- of the lactase gene was maintained (FIG. 16) (Hiodin 

tion was called pOBSCC-? (see FIG- 14). partially digested). 
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Hie Sall-Ifindin fragment frozQ coauining 
the P459SCC coding legion was inserted in pGBSCC-9 cut 
with Sail and HmdlU. In the re&tdliqg plasmid, pGBSCC- 
10, dxe P^^cSCC coding legicm was downstieam 10 the eye 
1 promoter (FIG. 1*7). 

(b) TiansfDimation of $. ^revisiae 
S. caevisiae stjr^ D2.73-10B (ATCC 25657) was grown 

is 100 ml of YEFD ovenngiit at 30* C.> subsequently diluted 
(1:10000) in fresh medium and grown to an <X)^q of 6. Tho 
cells fcom 10 ml Qf the culture were coUected by centrifu- 
gatxon «tnd su^nded in 5 ml of TE-bulfeEL Again, t&e cells 
were collected by centrifugadon, suspended in 1 ml of the 
lE-bufibr and 1 ml af 0.2 M Htbxum acetate was added. The 
cells were incubated tor I hoikr in a shaking watofoath at 30^ 1^ 
CIS ;<g of pGBSCXMO were cut at the unique Mlul-site in 
thG eye 1 piDmoter, ethanol piecipilated and icsu^ended in 
15 of IE. Ibis DNA preparation was added to 100 ;d of 
the pre-incubated yeast cells and incubated {shikxog) for 30 
minutes at 30* C. After addition of 115 /4 Of a 70% 
PEG4000 solution^ the incubation wds prolonged 60 minutes 
without shaking. Subsequently, a heat shock of 5 minutes at 
42* C. was given to the cells and 1 ml of YEPD medium was 
added, followed by an one and one-half hour incubation at 2S 
30* C. in a. shaking w^tcrbath. Finally, the cells were 
collected by ccntrifugation, lesuspended in 30 ;d of YEPD 
and spread on YEPD agar plates containiiig gcneticin (300 
/ig/ml). Colonies were gLovm for three days at 30** C. 

(c) Analysis of the Transfoncants 
TVansfontnanis and the control strain were grown in 

YEPL-medium (1% yeut extract, 2% bactopcptDnc, 
KaHPO^ and 2.2% of a 90% £^+)-Uciic acid solution; 
befoit sterilization, the pH was adjusted to 6.0 using a 75% 35 
ammonia sotutioo) for 64 hours at 30* C. Rutfaer analysis 
was done as described in Example 5(d). Th» immunoblot- 
analysis demoostraled ibc expression of P^j^SCC in S. 
cerevisiae (FIG. 15A, lane 1). 



20 



18 

resuldng in plasmid pGBSCX!-ll ^G, 1^. Analogous as 
described in Example 5(b), the P^^qSCC oMling region of 
pGBSCC-2 was inserted into pGDSCC-ll cut with StuL 
The plasmid containing the fragment in the conect oxicnta- 
tiott was called pGB5CX:-12 (FIG, 18). 



(b) Transformation of £L lactis and Analysis of the Trans- 
formanls 



Transformation of K. lactis with pGBSCC-12 was {er- 
fbmicd as described in Esample 5(c). The transfonDants 
weie analyzed as described in Example 5(d). The analysis 
demonstrated the psoducdon of P^soSCC .l^ JC lactis (FIG. 
15B, lane 3). 



EXAMPLES 



3D 



40 



EXAMPLE? 

Construction, Transformation and Expression of 
Pro-P^5o3CC Encoding DNA in the Yeast 
KJuyveromyces tactis 
(^ Construction Of the E^qpicssion Cassette 

Plasmid pGB950 (sec Example 5(b)) was cut with Sail 
and Xbol and synthetic DNA was inserted: 



45 



Construction, Tran&fbrmalion and Expression of 
Pre-P^^CC Encoding DNA in the Yeast 
Sacchartmyces cere)4siaa 



(a) Construdion of the E7q>ression Cassette 

Tbe Sall-Hmdm (HindllX partiaUy digested) fragpieot 
from pGBSCC-12 containing the pr6-P45oSCC coding 
tegion was inseited in pGB$CC-9 cut with SaH and Hindin. 
The lesulting plasmid was called pGBSCC-13 (FIG. 15^). 

(b) TracsCbrmation of S. cere\dsiaa and Analysis of the 
Trans&m^ants 



S. cerevfsiae Strain D273-10B was transformed with 
pGBSCC-13 as described in Example 6(b). The oansfor- 
mants were analyzed as described in Example 5(c). Tbe 
result, shown in FIG, 15C (hat 3), demonstrated the caq^res- 
sion of F4£oSCC by 5. cer^visi^. One transfonnant, SCC- 
105, was further ina^rzed for in vitro activity of P^^gSCC 
(see Example 12). 



TC0^:AAiU^aa5?PTGGCTCCy«CTrrGCCftTTGaGA!^ 
ACCAATCTTG'TCCJLCJTGTXGGTIaWWSGTOG 



T(*CXGGTATCAGTACTMjGJlCQteCTftGGCX:TA^ (S2Q ID MO ill) 

ACaVGCAl!AGTC2lG!Gaa!TCTOACCA9CCC6AIA^ (S£q ID HQs 12) 
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EXAMPLB9 
Construction^ Transformation 4nd Ezprcsaon in 
Khiy^f9romyces lacds cfP^^CX: Sequences Fused 

to the Pr&-re^n of Q^dnOme Oxidase VI fipom ^ 
Sacckaminyces ceravistae 

(a) ConsCnicdon of the Bftpiession Cassette 

Hasmid pGB950 (see Exsmplb 6(b)) was cui with SaH 
and Xhol and ^ynthotic DNA was inseiied; 

SAL I 

CTTTTTaC&MnkG&OCTOCftXIUCaAISl^^ 

fSiTCtrtQiiafSTiiisscx^ (seq id ]jiosi4) 

resulting in plasmid pGBSCC-14. 20 EXAMPLE 11 

The amino add sequence from ihe cytochrome oxidase VI ^ vivo Activity of 'P^^f^CC in Bacitlug 

(COX VI) pie^sequence was taken from tbe artide of Wiig|it Uchen^crmis SCC.201 

et al, (r. BioL Chem.^ m 259, pp- 15401-15407, 1984). The ^ Udietiifbrms SCC-201 was obtained as described in 

synthetic PKA was designed, using p)fefenc4 yeast codons. ^ Example 3 and the organism was inocuUted in 100 ml of 
The P45oSCCcodmgie£ionofpGBSCC-2wasittserted into niedium A. Medium A consisted o£ 
pGBSCC-14 cut with Still, similarly as described in 

Example 5(b). The plasmid containing the P450SCC coding 

sequence in frame with the COX Vlpre-sequencewascaUed 30 Oil™ diifliid©.hcahydi^ 3 b 

* ^ Ammumzua nuBlc 5 g 

pGBSCC-15 (FIG- 20). MBgacraiin cMorL5»-lifl3»hydira» 2.25 g 

MBi^gaiiescailfaiB-Lat7ab]rdi^te 20 mg 

(b) Transformaiion ofiC tocafr and Analysis of the TnmS- CbbaichlDridB-kMakydRtc i mg 
^ ^ ^ Cunc Bcia*mfncibjdcaxB g 

Distilled waltf 600 nl 

T^acc elemcoCs stocjic f Qlytioa 1 ml 

IVansEoimatian of K. taclis with pGBSCC-15 was per- ABtifoBm (Sa& o.5 mg 

formed as described in Example 5(c). Tbe transfonnants i^d™«rtocS:wl»iiiOTcaiu«i^ 

were analyzed as described in Example 5(d). The result 

(HG. 15B, lane 2) shows that P45gSCC was 6:q)ressed. ^ ^^'^ Jso ^ 

EXAMPLE 10 ZaSO^THp 5 g 

Cibic acW-IE^ 25 g 

MiiSO^ij^O ais g 

45 V^oO^rSgfi 0.€0 g 

3 ml 



formants 



Construct!o90i;, Tiansfozmatian and Expression in H^Oj (»6%) 

Saccharotnyces cerevisiae of P^cj^SCC Sequences 
Fused 10 the Prc-rcgion of Cytocbxome Oxidase VI 



from Sacdknmi^ cerevfawe steiiHzation and cooling [o 30* C 10 complete the 

medium, 60 g of maltose-monohydrate dissolved in 200 ml 

/ \ ^ * ♦i.^ ■ ^ of distilled water (steriJiaed 20 minxrtcs, 120* CX 200 ml 1 

(a) CoLstruction ox the ExpicsRon Cassette , ^ , . «^ / tV .m / m- ^ 

^ ^ M of potassram phosphate buffer (pH 6.8; sterUized 20 

The Sall-Hindlll (Hindni partially digested) fragment minutes, 120** C) and 1.7 g of Yeast Nitrogen base (Difco) 

&om pGBSCC-I5, containing the coding region for dissolved in 100 ml of distilled water (sterilized by mem- 

P450SCC fiiscd to the COX VI piensequence. Was inserted in filtration) were a(ided to the medium. The culture was 

pGBSCC.9 cut with Sail and HmdUI. The rxssnlli^g plasmid ^ ^ subsequently 2 ml of this 

was called pGBSOC-16 (HG. 21), ^ inoculum to 100 ml of medium A 

containing 10 mg of cholesterol. Cholesterol was added as 

(b) Transformation of ^ cermsiae and Analysis of the a solution containing cholesterol lO mg; Teigilol™/ethanol 
XranfijformanlS ^ (1:1, vA;X 0-75 ml and Tween 80***, 20 /d. The culture was 

grown for AS hours at 37*^ C-, whereupon the culmrc was 
^ cerevisiae strain D273^10B was transformed wiih extractcdwithlOOndof dichloromcthane.Themixtuit was 
pGBSCC-16 as described in Example 6(b). Ths transfer- separated by centdfiigation and the organic solvent layer 
manls were analyzed as described in Example 6(c). The ^5 was collected. The extraction procedure was repeated twice 
result, shown in FIG. 15C (lane 2), demonstrated the expre^ and the 3x100 ml of dichloiomethane fractions were pooled, 
sion of P4^SCC by $. cerevisiae. The dichloromethane was evaporated by vacuum distillation 
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and the dried extract (appxoximaiely 4^0 was analyiced 
for piegBenolone using a gas chromatograpb-mass spec- 
trometer comhmatiozi. 
OC-MS Analysis. 

From ibo dded extractp a defined amefum -was talsn and ^ 
sjjylAted by addmg a mixture of pyridine bis^frimethyl- 
&Oyl)-trifluoroacetaniide and tiimeifayldiloiosilane. Tbe 
sDylatcd sample wa3 analyzed by a GL-MS^S conibiDatioa 
(Carb Erba MEGA SldO-Fimugan SllA-Kralos D5 
90) in tbe selected km. nxxic. Gas dnomatDgraphy was 
pei£»raed vudcr fhp fbllbwing cgnditioas: kjection xnoving 
□etdle at 300** CU columa M.Gpsa29 0.25 inner diameter of 
df 0.2 fan operated at 300^ C isotheim; diieci iDtroduction 
into MS-souroe. ^ 

Samples were analyzed by moniloiing ions m/x 29$ from 
pregnenolone at a resolution of SCO. From the 
measnremfiDts^ it was ckai that in tbe case of the host strain 

Ikken^cnms T5, no pregnenolone could be delected 
(d&tection limit 1 picogram), wheEeas in tbe case of B. 
Uchen^ormis production of pregnenolone easily 

QOUld be monitored. 



25 



EXAMPLE 12 

In vivo Acdvity of P^5oSCC from Sacdiaromyces 
cerevisiae SCC^IOS 

$. cerevisiae SC&1Q5 was obtained, as described in 
Example 8 and tb& orgaoism was inoculated in 100 nU of ^ 
medium B. Medium B contained p^ liter of distilled water: 



Yeast extuct 

Bads Peptoj}« (Cccoid) 

Lactic «nd ($0%) 

pH - 5 J (adjoated «kli ammafli^ 25% w/«^ 



10 e 

20 g 

35a 



35 



This culture was grown for 48 houis at 30** C. and 
subsequently^ this culture was used as inoculum tot a 
feimcntor containing medium C Medium C consisted of: 



40 



45 



BitcLp Peptoiie (Qsoid) 
Ut^ odd (^0%) 
DqniBuiiim hydiD^ phupbftu 
DtsciDcd w&ifir 

pH was adjnsud &i pHT - «itlL ammoiuB (25%) and Ihe 
lasaisaxat indudm^ U>b nedism wai> sIcjiEzed (1 lx>a^ 
320' C). 



100 g 
200 g 
220 ml 
35 g 
7S00 ad 50 



A{br cooling; 2,4 g of gcncticin dissolved in 25 nsl of 55 
distilled water were sterilized by membrane filtradoo and 
added to tbe medium. The inoculated mixture was gruwn in 
the stirred teaclor (800 iirm) at 30* C, while stsrile air was 
passed through ihe broth at a rate of 300 1/h and the pH was 
automatically kept at 6.0 with 4N H^SO^ and 5% NH4OH ^ 
{$% NH4OH in distilled water, sterilized by mcmbraDO 
fiUrafion). After 48 hours, a feed of lactic add ($0%, 
sterilised by membrane filtration) was started at a rat& of 20 
g/h. The fermentation was ±eD resumeti for 40 bonis, 55 
whereupon the cells were ooUeetod by ccntrifogaiion 
(4v000xg, 15 minutes). 



22 

The pellet was washed with 0.9^6 (w/w) NaCl, followed 
by centrifugation (4000;Kg, 15 minntes); the peiUiet Washed 
with phosphate buSQsr (50 mM, pH a7.0) and cells were 
coUeeled by centrifugation (4,000xg, 15 mimitcs). Tbe pel- 
let was taken up in pbo&plhatc bu&r (50 roM, pH=7.0) 
refiulling in a su^cnsion of 0-5 g wet weight^nL This 
suspension was treated in a Dyno^-mill (Willy A Bachofcn 
Maschinenfabril!; Basel, Schweiz). Unbroken cells were 
removed by cemrifugaiion (4,000xg, 15 minntes). The cells- 
free extraa (2250 ml« 15-20 mg proteio/ml) was stored ai 
-20" C 

F^^SCXT was roughly putified by tbe fdlowing proce- 
dure. Ftom 50 ml of thawed cell-free extract, a rou^ 
rxxembraoe fraction was pelleted by ultracentrifugation (1^, 
000^ 30 mumtes) and resuspeoded in 50 ml of a 75 mM 
potassium phosphate solution (pH 7^), contaimog \% of 
sodium cholate. This di^eision was gently stirred for 1 hour 
at O'' and subsequently centri&gated (125,000xg, 60 
minutes). To the Ibus obtained supernatant oontaining solu- 
bilized membrane proteins, {fi^^^O^ was added (30^ 
w/v), while the pH was Icept ar 7.0 by adding small amouats 
of NH4OH solution (6N). The su^ension was stirred for 20 
minutes ai (f C-, after whicb tbe fraction of precq^iiaied 
proteins was ooBcctBd by ceotrifugation (IS.OOOxg, 10 
minutes). Tb& pellet was cesu^ended in 2.5 ml with 100 
mM potasshun phosphate bui^ <pH 7.0) contaimx^ 0.1 
mM dithio-tbreitol and 0.1 uiM EDTA. Ibis suspen^on was 
eiuted over a gpl filtration column (PD10» Fhaimacia), 
yielding 33 ml of a desalted protein fraction (6 mg/mQ, 
vrbai±. was assayed fgx ^^gfidc. activity. 

F4$o5CC acthdly was daceimined by an assay which was 
essentially based on a method of Doedng (Methods 
En^mology, \bL 15, pp. 591-596, 1969). Tbe assay mix- 
ture eonsisied of fhe following sohitions: 

Solution A (natural ^^^QC electron donating system): a 
10 mM potassium phosphate buffer (pH 7.0) containing 3 
mM of EDIA, 3 mM of pben^dmeth^l&nyl flnoride 
(PMSF)» 20 fjHA of adrenodoxin and 1 fM of adrenodoxin 
reductase (election carrkrs; both purified finom bovine adre^ 
nal cortex), 1 mM of NADFH (electron donor) and 15 mM 
gbroos&^bosphate and SunitsAnlof gjluco5e-6-pfaosphat6- 
d^ydrogcnase (NADPH generatiag systems). 

Solution B (substrate); a micellar solution of 375 /iM 
cbole$Eeigl (doubly mdiolabeled with [26^7-^^] ciholes- 
teiol (40 CiAnol) and [7ar^ cbolesteiol (400 O/moQ) in 
IO9& (v/v) Tei^itol"* NP40/ethanol (1:1, v/v). 

The assay was started by mixing 75 /4 of solution A with 
50 /J of solution B and 125 >4 of tbe roughly purified 
P45o$CC fraction (or buSer as reference). The mixture w&s 
stirred gently at 3D' C Samples (50 /4) were drawn after 0» 
30 and 180 minutes and diluted with 100 //I of water. 
Methanol (100/4) and chloroform (150 /d) were added to the 
diluted sample. After extraction and centrifugation (5,000^4 

2 minutes), the chloroform layer was collected and dried. 
Tbe dry residue was dissolved in 50/41 of acetone containing 
0_5 mg of a steroid mixture (cholesterol, pregoeoolone and 
progesterone (1:1:1, wAvAv) and subsequently, 110 fA of 
concentrated formic add were added. The suspension was 
heated for l5 minutes at 120* C. Then, the ^^C^H ratio was 
determined by double label liquid sciutillaiion oountiDg. 
This ratio is a direct measure for the side chain cleavage 
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jeactioD because the ^^C-labded side duin was evaporated pGB17a^ contained a full-length bovine F^^plTocDNA 
from the mixtuie as xsocapiyHc add during tbe beating and is shown in ¥IG. 22C 
procedure. EXAMPLE 14 

rOttghly punficd from S, C&^ae SOC-10$, showed P^Jl7a^>DNA Qouie loto the Yeast 

chain dcavag^ activity. Duiix^ 3 houis of incubatiOD, 45% KiuyverrniyK^es laetts 

of die diofcstcrol bad been converted. By means of tfain Cbnstniction of the Expression Vector 

layer doDmatogiaphy, the reaction product was identified as fo derive a suitable expression vector in yeast hosts for 
pregnenolone. 10 bovine P4jc>17a, pGB17a-3 vsras mutated by site-directed 

inuta£;ene&is as descnbed by ZoUer et al, (Methods in 
^XAiJiPLB 13 Enzymology, \bL 100, pp. 4^500, 1983); ZoHer el aL 

Molecular Cloniog of a Full-lCogth CDNA (^^'^^ ^ f ' ^^^?A 

Encoding the Bovine Cytochittme ?«□ Steroid 15 (Methods w Eozywologf Vol. 154, pp. 

I7a-Hydrajcyhse (?4so^7cii 350-367, 1987), Plasmids and strains for in vitro mutagen- 

esis exp^imcnts were obtained from Pbamiacia Inc. 
Approximately 10* p&'s of the bovioe adrenal cortex ^ indicated in HO. 23. 9 bp just upstream the ATG 
cDNA library described in Estample 1 were sele«^ for T„,-K;.h'nn codon were changed to obtain a SaH restriction site 
P^ffol7aeONA sequences by ecieefli0£ with two **P-eod ^ ^ translation signals using the synthetic 

labeled synthetic oligomers specific for P^jgcDNA. OligD- i\Ti*Anier 17a 3 
mer 17a-l (5*-AGTGGC CaCTTT GGG ACG CCC aGA ^'^'''^ 
OAATTC-y (SEO TO NO: 15)) aiad oligmcr l7a-i(5'-GAG 

OCT CCr GGG 0X\ err GGC ACC AGA GTO err (SKQ jn KOiiB) 

QGW'(5EQ)OONOa(D)arecompJem.mtaiyfofiie^^^ ^ S'-TCT^ccTG«rrGCTCCCiJ^k^^^ 
P4^;>SCCcDNA sequences as described by »iber et aJL p. 

BibL CJiem., m 261, pp, 2475-24^2, 1986) &om posilioa Tb» resulting plasmid, pGBl7aA was dig^d with SaU 
349 Id 320 and 139 to 104» respectively, and Smal and the DNA-fragm^t contaiQx&g 4)e fiiU leogtb 

Selection with oUgomcr 17a-l revealed ±1500 hybridiz- PW7c»I>NA ^ Beparalcd by clectrophOfcsis, isolated 
ing pfii's. Several hybridizing pfii's were selected, purified ^ transferred by mokcukr cloning in K coli JMlOl mto 
and scaled up for preparative phage DNA isolation. The ^ pGB950 vector (see ExamplD 5) whidi was first digested 
BcoRI site ins&rts of the recombinant lambda-gQl DNA's ^th Xhol, sticky ends filled in with Ktenow DNTA poly- 
were subctoned in the EcoRI site of pTZlSR. One done, tioj^st and subseqnenHy digested with SalT, resuUiag io *e 
pGB17a-l, was further characterized by restriction endo- plasraid pGB17a-5 as depicted m HG. 24. 
nuclease mapping and DNA-sequencing. Plasmid J"^™:Si^°V^ . o n • 

pGB17a-l contdned an 1.4kb Ea)Rl insert complementary ^5 ;ig of pGB17aH5, cat at the um«i^ SadI ate m fte 
to the 3 part of P,^7afrom the EcoRI site at position 320 laetasepromoler, wasnsed to tMsfo^ Wstrain C3S 

to the p^lyadenylSon site at position 17^ as described by ^ ^ ^ t.T^7T ^ 

Zubex eti. Ati^ of pOBl7a.i is shown in HG. 22A- lyzcd for the presence of ffllegratedpGB17a-5 sequences m 

r . ^ <_ . ^. . tiiB host genome by soothem analysis. One transfDEmant, 

Eight hybridizmg pfU's were obtamed by scle^g the ^^^^^^^ Containing at least tbiee copies of pGBlToa^ m 

CDNA Ubrary with ohgomer 17a-2, After purification, ^ 

upscaling of recombinant phages and ifiolanoa of rec lamb- p,-„17a (see Bxample 161 

dagtU DNA^s. EcoRI inserts were subdoned in the EcoRI *^ ^^^^ ^450! /a x^wmpie ad/. 

site of pTZlfiR. EcoRI inserts varied in length from 270 bp E?CAMPlJe 15 

to 1.5 Icbp. Only out clone, pGBl7a-2 containing a 345 bp ConsUWtioa and l^formaiioa of p4sol7a m the 

EcoRI-fragmeot, was fuitiier investigated by nucleotide Bacterial Hosts ^aa£/ur 5ziM2is aixi BaoCuj 

sequencing and compared with the published P45ol7acDNA 50 Uchen^rmis 

sequence data by Zuber et al. As shown m FIG. 22B, the (a) Construction of the Expression Vector 

P45ol7acDNA sequence in pGB17a-2 started 72 bp To derive a suitable expression vector in Bacillus hosts for 

upstteam the predicted AUG start codon at position 47 and bovine P4sol7ct, pGBl7a-3 was muuted by site-directed 

showed complete homology with the 5' part of mutagenesis as described in Example 14. As indicated in 

F45ol7acDNA till the EcoRI site at position 320 as FIG. 25, an Ndcl restriction site was introduced at the AXG 

described by Zubcr et aL iudtiaiioa codon using the synthetic oligomer 17a-4: 

5'-GCT GCC ACC CAG ACC AUl TGT C«C WC TCC T-3'<S3^ X» »0i20> 

I I 

A fuU-length bovine P^5oI7acDNA was oonslmcied by The resulting plasmxd, pGBl7a-6, was partially digested 
molecular cloning io B- coli IMlOl of a ligation mixture 55 with EcoRI. The DNA fragment containing the full-length 
containing a partial EcoRI digest of pGB17a-l and The 345 P^sol^acDNA was separaied by gel electrophoresis, iso- 
bp EcoRI fragment of pGB17a-2- Tbe obtained clone latcd and ligatcd 10 EooRI digested pBHA-1 DNA as shown 
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ID FIG. 26. The ligate was moleciilar doDed by trans&snog obtained. The EooKI insert of this zecombinaot lambda-gtll 

the ligation vfdmte into £, coU JMlOl 10 Obtain pG617a-7. DNA was sabdoned in tbe BcoRI fiile of pTZlHR icsultizi^ 

(b) TransConnatioo ot B. SuMiS and A lichenSanms in a ooosfnict called PGBC21-1. As sbown in FIC 28, this 

The "I^alir Badllas promoter was intiodaoed iqisticam pU$nid contains a 1.53 kb EcdRI insert compkmentaiy lo 

of the P4*ol7acDNA sequences by digestion with ^ the P45oC21<i>NAscquenccs from die ficoRI site at position 
pGBl7a-G with the lesbwtion enzyme Ndel, scpaiadbn of ^ poly^deayUtion sue as described by Yo^ka et 

the E, COU part of the shuttle plasmid by agarose gel aL, as revealed by nucleotide sequenciog. 
eleetiophQEesis and subsequent lefigation and transfonna- To isolate the remaining 5* part (490 bp) of the 

tion of B. subtilis 1A40 (BGSC 1A40) competem cells, P450C2ICDNA, a new bovine adrenal cortex cDNA library 

NeomyciD resistant colonies wete analyzed and the plasmid w$s pr^aied with the prcxxdurc described in Example 1 
pGBl7a-8 (FIG. 27) was obtained, tnodification. As primcc for the first cDNA 

Transfoimation of the host J3L UdtEn^ortm J5 (CBS synthesis, an additional oligomer C21-2 was added. 
470w83) was also perfonned with pGB17a-8. Tbe plasmid Oligomer C21-2 with the nucleotide sequence 5'-AAG CAG 
rmained stable in the appropriate BadllTis hosts as levealcd AGA GAATTC-y (SEQ ID NO; 22) was positioned down- 
by lestiiction analysis of pGBlTa-^, even after many gen- soeam ftom the Ec6RI-&l6 of P^5oC21cDNA£tom positicxi 
eradons. 504to490. 

5vnyftning of this cDNA libraiy with a '^-end labeled 

EXAMPLE 16 oUgomer C21-3 containing the P459C2I ^)ecSfic sequence 

^ y-cn CCA ccG gcc cgatag cag gtgagc gcc 

In vivo Ai^tivity of ?^so^7a in Kbiywomyc^ ACTGAG-S' <SEQ ID NO: 23) positions 72 to 37) revealed 

fcrtfa 17O-101 apptoxhnately 100 hybridizfaig pfti's. The ficoW-insert of 

K lactis 17a*101 was obtained as described in Exaootple oE^y one recombinant lambda-gtll DNA was stibcbned in 

14. The organism was inoculated in 100 ml of mediom D. 2S dite EooIU-sile of PTZ18R resulting in a ooostnict caUed 

Medium D contained per liter of distilled water; PGBC21-2. This plasmid (FIG. 2S) contained an insert of 

540 bp complementaiy to the P45aC21 cDNA sequences 
from position -50 to the EooRI-site at position 489 as 

„ — , revealed by nudeotide sequencing. 

YoMl Extract (Difco) 10 g ^ 

Bpdo Peptone (Qxoid) 20 g EXAMPLE 18 

Deaorosc 20 £ 

■ -- ' Constniction of a P^^CZlcDNA BaciHiis 

A A * -ir *r J 1- * qiw 'mla ^ tA.^^ Expression Victor and IVansformation to tbe 

After ste^U>liaQ ^ f?^^^. ^ ^' ^^A^ ^ f Badllus subtilb >nd Bacillus 

Nitrogen Base (Di&o) d&solved in 40 ml of distilled water ^ .. 

(stcrili»d br nwmbnpe fitottoD) aod 59 of oeomydo csnstmalon of the Btptess^Vfector 

dfisol»*d «^ml of isfflkd wato (st«ihzcd by mciribi«.e ^ fbU-teyJth P«„C21cDNA wiBi fladring 

fdtiation) were added lo tlw medium- Subsequently, 50 mg -is *v -n • ^ ™ 

of piog^^tetone dissolved in 1,5 ml of dimettiylfoimaimde sequences speaficfor theBaaUusexpr^nv^rpBHA- 
were added to 100 ml of mcdimn. The oilture was grown for 40 ^ ^ ^^50^21 gene was first modified by the 

120 hours at 30° C wxd subsequently, 50 ml of culture bioih Polymerase Chain Reaction (PCR) method with pGBC21-2 

were extracted witli 50 ml of dichloiomeihane. The mixture as template and two specific P4^QC21-oligomcrs as primers, 

was cencrifug^ted and the organic solvent layer was sepa- Oligomer C21-4 (5'-CrC ACT GAT ATC CAT ATG GTC 

rated. Dichloromethan© was evaporated by vacuum distilk- CTC GCA GGG CTG CTG^' (SEQ ID NO: 74)) contained 

tion and the dried extract (about 200 mg) was taken up in 0.5 45 2I nucleotides complcmenlary to C21 -sequences from posi- 

ml of chloroform- This extract contained 17a- ^^^^ 1 to 21 and 18 addiijonat bases to create an EcoRV 

tordrojwrogresterone as restriction site and an Ndel restriction site at the ATG 

ttli^ ^^^^fl^^j^^"^^ ioitiaiioncodon. Oligomer C21-5(5'-AGCTCAGAArrC 

H-MNR and ^'O-NMR- NMR analyse also showed that ^e ^11 CTG GAT GOT CAC-3' (SEQ ID NO: 25)X was Zl 

ratio of I7a-hydro7ryprogesteroae/pi0£este]cone m the so y^^^"^^ . ^ , 

extract was approxim^ly OA bases complementary to the minus strand x^am the 

BcoRX-site at position 489. 
EXAMPLE 17 The PCR was performed as described by Saiki et al 

(Sdeoce, VoL 239, pp. 487-^91, 1988) with minor modifi- 

Mblecular Qoning of a PuE-lfingth cDNA ^^^^^^^ -j^^ p^R w^s performed in a volume of 100 fd 

Enoodinff the Bovine Cytocteome P450 Steroid 21- containipg: 50 mM KQ, 10 mM Tris-HQ pH 8.3, 1.5 mM 

Hydroxylase (P^5oC21) MgOj^ 0.01% (w/v) gelatin^ 200//M each dNTP, MM each 

Approximately 10* pfii's of the bovine adrenal cortex C21-primer and 10 pGBC21-2 template. After denanir- 

cDNA library, prepared as described x/X Example 1, were aiion (7' at 100* C.) and addition to 2 U of Taq-polymcrase 

hybridized with a ^P-end labeled oligo C21-1. This oHgo (Cetus), the reaction mixttuxj was perfonned to 25 amplifi- 

containing the sequence S'-GAT GAF GCT GCA GGT AAG cation cycles (each: T al 55* C , 3* at 72** C, 1' at 94* C.) 

CAG AGA GAATrC-3' (SEQ ID NO: 21) was a spedfic m a DNA-amplifier appara.tus (Pcrkin-Elmer). In the last 

probe for the bovine P4sdC21 gene located dowoslicam the cydc, the dsnaturalion step was omitted. A schematic view 

EcoRI site in the P^5oC21 cDNA sequence as described by 55 of this P^j^CZXcDNA amplification xs Shown in FIG- 2^. 
Yoshioka ct aL (J, BioL Chem., Vol. 2fil, pp. 4106-^109, The amplified fragment was digested with EcoRV and 

1986). Ftom the screening, ooe hybridizing pfu was EooRI and inserted by molecular cloning into the appropri- 
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2le site« of pSP73 (Proa^a). The obtaioed plasmid was to 1513. Nucleotide isoqttonces and map posifioas of xnen- 

cal]e<| PGBC21-3- As shomm in FIG. 30, the 3' P450C2I- lioned P4^1iP-oligomeis were all derived from the 

BcoRI fictgment of pGBC2I-l was inserted in tS» ngtat P^folipcDNA seqpionce data (fescribed by MotDhasi et al. 

orientation inK> the EcoRI-sito of pGBC21-3. The obtained C^. Biocbun^ Viol. 102(3), pp. 559-56&, 19BT)^ the cDNA 

vector pGBC21-4 was digested with EooRV and Kpi]I(E^iiI ^ libraiy was screened with a ^-labeled oligomer 11^2 

was situtated in the nmll^b doning site o£pSP73) and the (5'-CCG CAC CCT GGC CIT TGC OCA CAG TGC 

fragment contaiziing the fi]U-kngChP45oC21cDNA was iso- CAT'S* (SBQ ID NO: 33)) localed at the 5* ead of the 

hted by gel electrophoresiis and inserted into the appropriate IP^^lficDUA fcota portion 36 to 1. 
sites ofpBHA-1 by moleCTlarcbnmg. The derived plasmid jq Screemng with oligpmer revealed 6 hybridtzing 

pGBC21-5 is illuslratcd in FIG. 3L ^f^»^ -^^^ were fttflher purified and analyzed with oligo- 

(b) IVaosfoMjation of BadUus ^ (5«^g CTC AAAGAG ACT CATCAG CAA 

Ihe 'Upan' Bacflhis promoter was introduced upstteam qqq gaAGGCTGT-3», positions 990 to 95$ (SEQ ID NO: 

to the P450C2ICDNA gene by digestion with pGBC21-5 34^^ ^ showed a positive hybridizing signal 

with the lestrictiDn enzyme Ndel, s^aiation of IhoRcoU^ ^^-hbcled oligomer ll|3-3. Tbc EcoSl inserts in both 

part of the shutfle plasmid by agarose gel elocto^orcsis up.janibda-gtll recombinanb were subdoned ioto the 

and subsequent religation and iransforoation of B. subtiUs I EcoBI^Hx^ of pTZUSR. One done with an EcoRJ insert of 

A40 (BGSC 1 AAO) competent cells. Neomycin resistant ^.2 kb ft»GBllp-l) was fiinher analysed by restriction 
colonies were analyzed to obtain pGBC21-6(HG 3i^|. ^ ^^^-^^ ^ 3^ pGBlip-1 

Transfbraiauon of the host B. Udientfanms TS (CBS contained all coding P^yoll^ cDNA sequences as deter- 
470.83) was also peifonned with paBC21-6. The plasmid MbiOhaShi el. aL 

remained stable in both Bacillus hosts as revealed by restrict 

tion analysis. EXAMPLE 21 

25 

'^^^^i^MFLE 19 Ctonstniction of a P45(>C21cDNA BadBus 

Construction of a P450C2ICDNA Yeast Expression Exprea^n \fecior and Transfonnatibn to the 

Vector and Transformation to the Yeast Host Bacterial Hos» SadUus suttilii and BadUus 

Khofy^omyces lactis Uehen^orms 

(a) Construction of the Expression \fector (a) Ctosstnzction of the Expjessioa \fector 

lb derive a suitable esEpression vector in yeast hosts for A foQ-lengih P^^ollp cDNA with modified flanking 

bovine "P^CZl-Z, pGBC21-2 was mutated by ^te directed sequences to the Bacillus ejcpression vector pBHA-l was 

mutagenesis as described in Example 14. Por the mutation, obtained by Ifao PGR method (described in B;tample IS) with 

oligomer C21-6 (5'-CCT CTG CCTGGG TCG ACAAAA as pGBUp-l as lempjaie and two specific P!^^oll&-olife<»ii*is 

ArGGTCCTCGCA.0GG-3'($BQIDK0:3Cl!))vvastised aspiimers. 

to create a SaE zeatriction site and optimal yeast translation Oligomer llM (5 -TIT GAT ATC GAATTC CATATG 

rignals iipstxeam the ATG initiatioa oodon as indicalcd in GGCACX; AGAGGTGCTGCAGCC-3* (SEQ ID NO: 35)) 

PIG. 33. contained 21 bases complementary to the mature 

The Sail EcoRI DNA fragment of derived plasmid ^ P^^lpcDNAsequj6nG6frDmpositiott72to 93 and ?1 bases 

pGBC21-7 was ligated to the 3' P4,QC21-EcoRI-fiagment of to create EooRV, BoolU a«d Ndef lestriction-aites and ATG 

pGBC21-l and inaeited by molecular donii^ into the apptth initiaiiQn codon. Oligomer 11^-5 (S'-IAA CGA lAT CCT 

priate sites of pSP73 as indicated in HQ. 34. Derived CGAGGGIAC CTACTG GAT GGC CCGGAAGOT-3* 

pGBC21-8 was cot wifh Sail and EodRV(EcoRV site was 45 (SEQ ID NO: 36)) contained 21 bases complementary to the 

situated in the milhiple cloniDg sile of pSP73) and the DNA nainus ^^llp cDNA strand upstream to translation StO!P 

fragmeni containing the fuU-4ength P4^C21cDNA was codon at po^don 15U and 7.1 bases to create restriction- 

insetted into the yeast expression vector PGB9S0. Derived site& &r EcoKV, Xhol and Kpiil. 
pOBC21-9 is depicted in FIG. Z5. A&tt PGR amplifi^tica with above mentioned template 

(b) Transformation of IC loois ^ and P^lip-primcrs, the amplified fragment (1.45 kb) was 
15 MS Of PGBC21-9 were digested «ath SacII and trans- d^ested with EcoRI and Kpnl and inserted by molecular 

fonnation of jK lactis CBS 2360 was peifoimcd as described cloniog into the Bacillus expression vector pBHA-1 cut witb 

in Example 5(c). EcoRI and Kjml to obtain the vector pGBlip-2 (sec FIG, 

EXAMPLE 20 

(b) TVansformation of BacHhis 
Molecular Cbning of a FuH-lcnglh cDNA "Hie "HpaDT* BacillttS promoter was introduced tipslrcam 

Enoodine the Bovine Cytochrome p^,^ Steroid ^ the P^^ollpd^NA sequences by digestion of pGBllp-2 

Up-Hydroxylase (p45ollP) with NdeT, separ^on of the E. caU part of the shuttle 

A bovine adrenal cortex cDNA library was prepared as plasmid by agarose gel electrophoresis and subsequent rcli- 

described in Erampk 1 with one modificatian. An additional garion (as described in Example 18) and transformation of 5- 

P^np-specific primer (oligomer UP-l) with the nucle- subtiUs 1A40 (BGSC 1A40) competent cells. Neomycin 

otidc sequence 5'-GGC AGTGTG CTGACACGAO' (SEQ resistant colomcs werc analyzed and the plasmid, pGBllp- 

ID NO; 32) was added to the reaction mixture of the fiist 55 3, was obtaiued. The derived plasmid pGBljp-3 was also 

strand cDNA synthesis oligomer lip-l was positioned just transautted to the J3L Uckeniformis host straio T5 (CBS 

downstream to die translation stop codon from position 1530 470.83). 
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EXAMPLE 22 

Conetivction of a P4fQlLpcDNA Yeast Eacpression 
'^fector and TransfoEmation to the Yeast Hosi 
Kluyvemmyoes iaais 

(a) CoDsfnictioa of the Erpiessioo Cassette 

A full-kngth P45oU|^ cDNA wilh modified tAhSaag 
$eqiieQC«s to ihe yeast expression vcdor pGB950 was 
obtained by ih» PGR method (described in Example 1^) with 
pGBUp-l as leoiplaie aod two c^edfic P4soll0-oligpi2Ni5 
as primcis. 

Oligomer liP-6 (5'-CIT GAG TGG ACA AAA ATG 
GGC ACC AGAGOT GOT GCAGCC-3' (SEQ ID NO; 37)) 
oontaincd 71 bases complemeniary to the ro&tiirft P^^llp 
cDNA seqvi^iice from position 72 to 93 and 18 additiosal 
bases to create a Sail restnctioQ sit£, ^ optimal yeast 
translation signal and an ATG initiatioa codon. Oligomer 
11^-5 is described in Example 21(a). After PGR ampliJ&ca- 
tioa with the above mentioned tcmplalc and P^^^^^P' 
pdmccSr the amplified fi-agmcnt (1.45 kb), was digested with 
Sail and Xbol and inseirteci by molecular domng into the 
yeast egression vector pGB950 cat wiih Sail to obtain the 
vector pOBliP^ (FIG- 37). 

(b) IVansfozmation of J& lactif 

15 /fg of were cut at Hie uniqae Sadl site in the 

lactase promoter and transformation of JC laais CBS 2360 
was p^r£»nned as descnbod in Example 5(c). 

EXAMPLE 23 

Molecular CJoning of a FtiU-leagth cDNA 
EoOOding the Bovine Andienodoxia (ADX), aiul 
Subsequent TransfonnatioD and Expression of 
ADXcDNA in the Yeast of Kluyv$TCmyces JacJis 
(a) Molectilar Cloning of ADX 

A fiiU-length ADXcDNA, with 5* and 3' flanking 
sequences modified to the yeast expression vector pGB950, 
was directly obtained from a bovine adrenal cortex mRNA/ 
cDNA pool (for dataiJed description see Example 1) by 
amplification using the PCR method (see Example IS). For 
the ADXcDNA amplification, two synthetic oligomer pnm* 
ers were synthesized. 

Oligomer ADX-1 (S'-CTT CAG TGG ACA AAA ATG 
AGCAGCTCAGAAGAXAAAAIA-3' (^EQ ID NO: 43)) 
contained 21 b^es complementary to the 5' end of the 
maiUre ADXcDNA sequence as described by Okamura et al 
(Proa Natl. Acad. Sci. USA, Vol $2, pp. 5705-5709, 1985) 
from positions 173 to 194. The oligomer ADX-1 contained 
at the 5' ead 18 additional nucleotides to create a Sail 
rcsfridion site, an optimal yeast tran&ladon sigoai and ^ 
ATG initiation codon. The oligomer ADX-2 (5'-TGTAAG 
OTA CCX: CGG ATC CTT ATT CIA TCT TTG AGG ACT 
T-3' (SEO ID NO: 44)) was complementary to the 3' end of 
the minus strand of ADXcD^TA&om position 561 to 540 and 
contained additional nucleotides for creating tesiriction sites 
for BamHl, Smal and Kpnl, 

Ihe PCR was performed as described in Example 18 with 
1 /iM of each ADX-primers and 10 /^l of mRNA/cDNA 
mixture (as described in Hx^ple 1) as template. A sche- 
matic view of this ADXcDNAa amplificalion is shown in 
HG. 38. 

The amplified firaemcol contained a fiill-lcn^th ADX- 
cDNA sequence with modified fiankiDgs, which was char- 
acterized by restriction-site analysis and nucleotide sequenc- 
ing. 
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(b) Construction of the Expression "V^actor 
The ampMed ADX cDNA fragment was di^estied with 

Sail and Smal and inserted by molecular cloning into the 
yeast expiessiba vector pGB960 cot with SaQ and BcoBV. 
Tlie derived plismid pGBADX-1 is dqticted in FIG. 3S. 

(c) 'Aansfonmtxon of £ lactis 
15 /ig of pGBADX-1 weie cut at the umque SacII^yte xa 

the lactase promoter and fransfoimalion of K lactis CBS 
2360 was perfionned as described in Example 5(c). 

(d) Analysis of the IVansfbrmants 
Two transformants, ADX-101 and ADX-1Q2, and the 

control strain CBS 23^ wm selected £6r fiufhsr analysis. 
The strains were grtjvm in YEPD-medium for about 64 
15 hours at 30* C Ibtal cellular protein m& isolated as 
described in E:mp2e 5(d). From the supematants, 8 /d 
samples wexe taken for analy^ On immunoblots (see FIG. 
39^ lanes 3, 4 and 5). 
The results show that a piot&in of the e^qpected length (14 
^ kDa) was cxpKssed in iC lactis cells iransfbrmed with 
pGBADX-li Ibe in vitro ADX-activir/ of transformant 
ADX-102 is described in Example 24. 

25 EXAMPLE 24 

In vitro Activity of Adrenodoxiu Obtained ^m 
KfuyverOrr^ces lactis ADX»1Q2 

IC lactis ADX-102, obuined as desciibcd in Example 23, 
30 and contfol strainiC UicUs CBS 2360 were grown in lOO ml 
of YEPD medium (1% yeast extract, 2% peptone, 2% 
ghicose mouohydrate) oontainmg 2.5 ml of a 6-7% (w/w) 
yeast nitrogen base (Difoo laboratories) solution and 100 mg 
^ 1"^ of gcncticin (G418 sulfate; Gibco Ltd.), for 56 hours at 
30* C. The cells were collected by cenirifiigation (4,000xg> 
15 minutes), resuspended in a physiologicalsallsolutioii and 
washed with a phosphate buJS&r (pH 7,0, 50 mM). After 
centri&igadon (4j000i^g, 15 minutes)^ the pellet was zesus- 
40 pended in a phosphate buffer (pH 7.0, 50 mM) resulting in 
a su^ension containing 0.5 g cell wet weighl^DGdL The cells 
were dismpted nsdng a Braun MSK Homogenizcr (6x15 
seconds, 0.45-050 mm glass beads) and unbroken cells 
were removed by centrifiigation (4,000xg, 15 minutes). The 
cell-jDcee extracts (40 mg protcinW) were stored at -20° C 

^X activity, ie. electiotransfer capacity from adreno- 
doxm reductase to cytochrome P45t^CC. iu the oelI-&ce 
extracts was detemdned by a P^^^^CC activity assay. The 

50 assay mixture consisted of the follotving solutions: 

Sohition A (natural P^^qSCC election donating system 
with ib& exception of ADX): a 50 mM poxassmm phosphate 
buffsr (pH 7.0) containing 3 mM of EDTA, 2 fM ot 

^ adrenodoxin reductase purified from bovine adrenal 
cortex), 1 mM of NADPH (electron donor), 15 tDM glucose- 
6-phosphate and 16 units/ml of gluoose-d-phosphate- 
dehydrogenase (NADPH regenerating system). 
Solution B (substrate and enzyme); a micellar solution of 

« 75 /zM of cholesterol (doubly radiolabeled with [26,27-'*C] 
cholesterol (40 Ci/mol) and [7ar^H] cbolesterol (400 
Ci/mol)) and 1.5 pM of P450 SCC (purified ftom bovine 
adrenal conex) in 10S& (v/v) Ifcrgitol'^ NP 40/ethanol (1:1, 

The assay was started by mixing 75 y4 of solution A with 
50 of solution B and 12$ fA of cell-^e extract or 125 fA 
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of a potassium pbosphftie bnSer (50 mM, pH 7.0) contaioiiig pGBADR-1 as template and two q>ecific ADR-oJigomer& as 

10 fM ADX (porififid £pom bovine adrenal ocntax), Ths pdmets. Oligomer ADR'4 ((5'-CGA GTG TOG ACA AAA 

mxztiue was stjrxed genay at 3(r C Samples weze drawn AIQ TCC ACA GAG GAG CAG ACC-3' (SEQ ID NO: 

after 15 nmmles of incabidon and dihited witb 100 /d of 52)), contained IS bases compIemenLaiy to tbe matuxe 

water. From a sample* subsirate and product(&) were ^ ADRcDNA sequences fitom position 96 to 114 and IS bases 

extracted lOD/d of mflthanol and 150 fd of diloioform. to intiodace a Sail reatrxction aite, an optimiil yeast transla- 

After ocQtzifugaticm (S.OOCbcg; 2 mximtes), the chlorofinm tion signal, and an ATG initiation codoo. 

layerwas ooUeeted and dried. Hie diy residue waa dissolved Oligomer ADR-5 (5'-CGT GOT CGA GGT ACC TCA 

in 50 /d of aeeione oontaimng 0.5 mg of a steroid mimve lo GTG CCC CAG CAG CCG CA.G-3' (SEQ ID NO: SS)) 

(cholesterol, pregnenolone and progcatcronB (1:1:1, w/w/ contained 18 basc& complementaxy to the minus strand of 

w)) and subsequently 110 /d of concentrated formic add ADRcDNAupstreaixi to the translation stop codon at posi- 

were added. Tbe snspensicni was heated for 15 minutes at t£oe 1479 and 15 bases to create Kpnl and Xhol restricfion 

120^ C. and ±6n, ±e ^^C^ ratra was determined by double sites for molecular cloning in various expression vectors, 

label liquid sdntiUation aninting. Tbe ratio was a direct ^ Afier ampHficaiioD with the above mcntioiied tenjtplate 

measuie ibr the aide chain deava^ icactioii, because &e and ADR primers, the ampTifig^i ^agoient (1.4 3cb) was 

^'kMabeled aide chain was evaporated from the mixtnxe as d^estcd with Sail and Xbol and inserted by molecular 

isocaprylic acid during the heatiog procedure. cknung into ihe yeast expression vector pGB950 cm witb 

Using this assay, ADX electron earner activity ooxild 20 derived plasmid, pGBADR-2» is iUus- 

easily be demonstrated in the cell-free extract of iC lactis trated in FIG. 40. 

ADX-102- In the assays with cell-fec6 extract of iC tacHs (fi) Transformation of Jactis 

ADX-102 or with purified ADX, the side chain of the ;<g of pGBADR.2 was cut at the unique Sadl^iie in 

cholesterol was cleaved x^ithin 15 minutes in a yield of 50%. lactase promoter and transfoimalion of K hctis CBS 

whereas in the assay with ccll-&e« extract of the coniioliC ^ 2360 was perfoimed as described in Example 5(c). 



EXAMPLE 26 



iaais CBS 23(S0» no side chain cleavage could be detected. 

EXAMPLE 25 Molecular Cloning of a Full-length cDNA 

Molcciilar Clomng and Construction of a Full- Encoding Bovine NADFH-<:yto<ArQme F^so 

length cDNA Encoding the Bovine Adrenodoxk Reductase (RED) 

Oxidoitductase (ADR), and Subsequent ^ y^^^^ adrenal conex cDNA library described in 

Transform^!! of ADRcDNA in the Yeast E&mplo 1 was screened with a »P-bbeled synthetic oli- 

r^xJr^ 1 n ^^f^^^fn^r^^vi.^-^,.^..* 35 gomer5'-TGC CAG TTC GTAGAG CAC AITGGT GCG 

(a) Molecular aomng of Adrenodoxzn Oxidoreductase ^ * ^ „^ . „^ ^ ^ _ ^, ^ZZ 

A bovine adrenal^ox cDNA library was prepared as CTT AGT GAT GTC CAG GT.3' (SEQ ID NO; 

described in fccample 1 wilb one modification- An additional ^^^^ spedfio for a conserved ammo add leeion within rat> 

ADR-specificprimer(oIigomerADR-l)withlhenuclcotide porcine, and rabbit RED as described by Kaiagaii et al (J. 

sequence 5'-GGCTGG GAT CIXGQC-3' (SEQ ID NO: 49) ^ Biochem., \foL 100, pp. 945-954, 1986) and Mnialamletal. 

was added to the reaction mixture of the first strand cDNA ^' PP* ^"^^ ^^^^)' 

synthesis. OJigomer ADR-1 was located just downstream to Fi^ hybridiadng pfu*s wera obtained and further charac- 

the translation stop codon ftom position 1494 to 1480. terozed by resfrictiDn enzyme mapping and nucleotide 

Nucleotide sequences and map positions of mentioned sequencing. A ftill-Iengch REDoDNA Was inserted into 

ADR-oIigomers were all derived from the ADRcDNA ^ expression veaotB and transformed to appropiiate liosts as 

sequence data described by Nonaka et al, Biochem, Bioph- mentioned In Examples 2, 3 and 6. 

hys- Res. Cbmrn., Vbl. 145(3), pp. 1239-1247, 1987). The vxAMP 

obtained cDNA library was screened with a *^P-labcled EXAMPLE 27 

50 construction. Transformation and Egression of an 

CTG CTC CTG TGG GGA-3' (SEQ ID NO: 50)). Expression Cassette Encoding^ Ptotdns 

4 hybridizing pfii's were identified and subsequently P^^CC and ADX in the Yeast iC/iowBTOJfrycff^ 

pmificd Hovrtsvcr, only 1 pfu showed also a positive signal laCtis 

witb oligomer ADR-3 (S'-TTC CAT CAG COG CTT CCT (a) Construcdon of tbe Expression CasseUe 

CGG GCG AGC GGC CTC CCT-3' (SEQ ID NO: 51)), SS The expression cassette pGBADX>l (see Eiample 23) 

which was located in the middle of the ADRdDNA (position was digested with SacH and Hindlll (partially) and sticky 

S40 to 805). The ADRcDNA ijoeert (^prox- 2 kb) was eods were filled in using Klenow DNA polymerase, Tbe 

molecular doned into the EooRI-site of pTZlSR. The DNA fragment comprising a part of tbe lactase promoter 

obtained plasmid, pGBADR-l> contained a full-length (but still fiinciiona^), the coding ADX sequence and the 

ADRcDNA as revealed by restriction enzyme mapping and lactase terminaior was separated and isolated by agarose-gel 

nudcotide sequencing. The physical map of pGBADR-1 is ekctrophoiesis and subsequently inserted into pGBSCC-7, 

iUusliaied in FIG- 40. which was first linearized by Xbal digestion (see Example 

(b) Construction of the Expression Cassette 5(b)) and Sticlcy ends filled in using Klenow DNA poly- 
A full -length ADR cDNA with modified flanking ^5 merase. The constiucfion was set up so that a unique 

sequences to the yeast e:q>ression vector, pGB950, Was restriction si be (SacH) was obtained, which is n&ccssary to 

obtained by the FCR method (see Example IS) with transfer 2h6 plasmid to K. lactis. 
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Hiis anic(ue SacU rcstrictioii site was located in the Sohuion B (suisfitrate aod eozymei): a micellar solution of 

lactase piDmoler sequence flanking the SCC sequence, as 37.5 ^ of cbolesierol (doubly radiolabeled ^ith [26^7- 

the Sacn lestiiettOn site in the lactase promoter flanking the ^*Cl diolesteiol (40 Ci^soQ acd pa-^lQ ^Icsieiol (400 

ADX sequenoc was destroyed by the fill-in reactioD. The Q/moQ) ia 109^ (v/v) I^xgiiol™ NP 40/ethanoI (1:1» v/^). 
obuined expcessioo cassette pGBSOC ADX-1 contained ibe ^ "jbe assay was started by miving 75 /jI of solntion A wilh 

oodiQS eeqvenee tot SCC as vrell as far ADX, each diiven 50 /d of solution B and X25 /d of ce]]-fi^ extitkci. The 

by die lactase promoter. mixtm was Slkied gently at 30* C San^tes drawn 

(b) TrassfonnalioDL of JC tactis after 60 minutes of incubation and diluted xdtli 100 /tl of 
TraosfomutLOn of JC laeUs CBS 2360 was perfionned as fyatcr. Prom a sampls, substrate and produet8(5) w^ie 

described in Example 5(c) with 15 of pGBSCC/ADX-1, extracted with XOO /d of methanol and 150 /d of chlorofijim. 

lineaziztd at the unique Sadl restriction site. One transjftir- j^^^ centrifugatioa (5,000><g, 2 minutes), the cUorofonn 

mant (SCC/ADX-lOl) was selected from SCC and ADX layer was collected and dried. The diy tcsidue was dissolved 

c3qwcssion sbidics. in 50 /d of acetone contaming OS mg of a steroid soiixtnre 

(c) Analysis of the TYansfoimant JKl lactis SCaADX-lOl « (cholesterol, pregnenolone and progesterone (1:1:1, w/w/ 
Calhilar protein fractions wcte piepaied &om cntoces of ^y. srf,sequendy 110 /d of concentrated formic acid 

the SCC/ADX-lOl and d^e control strain CBS 2360 as wexe added. Ibe suspenfiion was healed for 15 minutes at 

desctibftd in Example 5(d) and analyzed by SDS/PAC5E and j20* C Then, the ^^O^ ratio was determined by double 

^em-bIottiDg.nieblotwaspiobedwifliantibw£c5spe- scintillation counting. The ratio was a direct 

dfic for SCC aod ADX, re^edively. Compared to the nieasuje for the sicieH^hain clfravag^^ reaction, because the 

control strain, the cidlular piotm fraction of transfonnant "o-labeled side chain was evaporated from the mixtnre a$ 

SCC/ADX-lOl showed two additional bands of expected is^capiylic add during the healing procedure. 

length (53 and 14 kDa«tespectxvdy)sbowiiffi the exp^^ tt • xl- c i i j u - * - . -^ 

j.^ ^. J Tt^-w - TL^i^ ^*i_^*u - Usmg tins assay, cholesterol side-cbajm cleavmg aclr^i'ity 

ofbothprDteiBsSCCai]tdADX.Exptes8ioitlevelsofbothm 25 j ^ * /* .i. n ^ ^ . * 7^^ p^/, 

._ r 4 Cf^/AYiv ■_ was demonstrated m the cejj-firee extract of A. lactis SCC/ 

transfbrmant SOC/ADX-lOl were coojparable wxth levels a^v i^ . ^ zr f- crv- 

J . ^ _i ^ - 1 - ADX-lOl, whereas the cell-free extract of K, JacSiS SCC- 

observed in transformants expicssmg only one proicm (for ' . . ^ t>. c mir- 

1 * J J. AT^v CTy^ «A 1 \pv lOl, no activity was detectable. By means of HPLC- 

SCCseeFIG. ISA, lane 3, and for ADX FIG. 39, lane 5). , . . ^. j . j A « 

r«. - A ^ju -* — isi^/^i analysis, tlie reaction product produced by a cell-free extract 

The m vitro SCC and ADX activity of transfcnnant SCC/ tjrT- c^^^/at^v i At -a a * 
atnv -.A^ - J J • n 1 -lA 30 of iC toci»SCC/ADX-101 was identified as pregnenolone. 

ADX'-lOl IS described u Example 2$. ^ 

™, v-^v««« EXAMPLE 29 

EXAMPLE 28 ^.n^yuri^ -6,;. 

J A J J Construction and Transformation of an Exptessioo 

In vxtro Activi^ of P,5oSCC and Adwnodo^ ^i^in^ Bovine Cytocbfomc P^o Steroid 

Obtained From lOuyvcrvmyces lactts SCC/ADX- na-Hydroxylase and Bovine Cytochrt^Se 

Steroid C21.Hydro3^1as6 in the Yeast 

K. Uictis SCC/ADX-lOl obtained as described in Kluyvewfnyces lactis 

Example 27 and control strain IC loads SCC-101 as (^) Construction of the Bcprt^ion Cassette 
described in Example 5(d) were grown in 1 liter of YEPD ^ ^ e^cpressxon cassetie pGB17a-5 (HG. 41) described in 

medium (1% yeast extract, 1% peptone, 2% glucose Example 14, >m digested with SacH and HindUI 

monohydrate) oontaum« 100 tng V' of geneticin (G418 ^« ^^^^ Klenow DNA poly- 

snlfate; Gibco Ltd,)p for 72 hours at 30* C Hie cells were '^^^ ^ fragment compnsmg a pan of ihe lactase 

collected by centrifiigation (4,000xg, 15 minUlesX resus- PW^ioter, th^ sequence coding for P^^^l^a and the lactase 

pemded m a physiological salt solution and washed with a ^nninator were separated and isolated by agarose gel elec- 

phosphate bufier (pH 7.5, 75 mM). After centrifiigation ^ophoresis and subsequently inserted mto pGBC21-9 (HG. 

(4,000xg, 15 mimiles), d» pellet was resuspended in a ^) « w;^ first linearized b^ 

phosphate buffer (pH 73, 75 mM) resulting in a suspension ^\ion and sticky ends filled m using Klenow DNA 
oaotaimDgO^goeUwetweieht^mLTbecensweredisnq^ 50 polymerase. Tbe obtained expression cassette, pGB17a/ 

USinga Brauo MSKHomogenizer (6x15 seconds, 0.45^.50 ^21-1 (HG. 43), had a unique Sad! restx«:i*on site because 

mm glass beads). Unbroken cells were removed by centrifii- testnction ate m ihe lactase promoter flanking the 

gation (4,000xg, 15 minutes)- ^asoI'^^ sequence wa5 destroyed by the fill-in rejiction. 

(b) TransfDimation of K. lactis 

In the cell-free crtrads, the achvity of the ptolem com- „ Transformation of i^l lactis CBS 2560 was performed as 

plex P^,SCC/ADX was assayed by determining the dio- ^^^^^ ^ ^^^^ ^^^y ^5 ^ pGB17a/C21-l, 

lesterol sideK^ain deaving reaction in the pxesence of gacE restrictfon site. One uransfor- 

NADPH and ADR. Ibe assay mixture consisted of IhO maiil 17a/C21-101 was further analyzed for in vivo actjvi^ 

foUowmg soluuons: V^^XlQ. and P^soC21 (see Examples 30 and 31). 

Sohition A (natural P450SCC electron donating system 

with the exception of ADX): a 50 mM potassium phosphate EXAMPLE 30 

buffer (pH 7.0) containing 3 mM of EDTA, Z fM ot . - 

adrenodoxiQ reductase (purified from bovine adrenal In vitro Actiwty of P^^o^a and P^^ 

cortexX X mM of NADPH (eM^on donor) 15 mM of ^ tcm lauy^^myces lacds 17a/C2M01 

glucose-e-phosphttlc and 16 Units/ml of gluco5e-6- IC lactis 17a/C21-a0a obtwned a$ described in Example 

phosphale-dehydrogenase (NADPH regenerating system). 29, K UtClis 17a-101 as described in Example 14 and K. 
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hctis CBS 2560 wero g^wn ia 100 lol of medrom D. 
Medium p fioauuuiied per liter of distiUod water: 



Yeast extracc (Difco) 10 g 

Bieco P«pu>B« (0991(1) 20 g 

DcSEtrOM 20 g 



After sterilization and cooling toZ(fC^2S mg of gcnetxcb 
(041S suUDoe; Gibco Ltd) dissolved ia 1 ml of distilled 
witer steiilizcd by membrane filtradon was added. Hie 
cultures weie gn> w for 72 hoiizs at 30* C. and the cells were 
collected by centnfii^tbn (AfiOQxg^ 15 minutes). The pel- 
let was wadbed wi^ phosidiate baSa (50 mM, pHv7.0) and 
ceUs were collected by centiifiigation (4,000>eg7 15 
minates). The peHet was Uken np in pboq)hate bulCer (50 
mM, pHp»7.0) lesultkg in a suspension oontaimng 05 g wet 
weighed. Tios su^nsion was disn^ted by $onifi.cation 
(Braim labsonic 1510; 12x1 ooinuto, 50 Watts). Unbroken 
cells were lemoved by centrifiigation (12|000»cg, 15 
mixuites). 

O&U^frce extracts were assayed for P^jplTa activiiy and 
F^^qCII actrrity by dDtenDiuiDg the production of 170,21 
dihydroxypiogesteronc in the presence of NADFH. The 
assay mixcuic consblicd of the fallowing solutions^ 

Solution A: a 50 mM potassium phosphate buffer (pH= 
7,0), containing 3 mM of EDXA, 2 mM of NABPH, 50 mM 
of glucose-6-phoSphatc and 16 nnits/ml of ghicose-6- 
phospbate-dehydiogcnase (KADPH^regeneiating system). 

Solucion B (substrate); a micellai solution of $0 /iM of 
[4-"o] progesterone (30 Ci/mol) in 10% (v/v) Tergitol™ NP 
40/ethaaol (1:1, v/v) in a potassium phosphate bufQsr (75 
roM, pH=7^, 

The assay was started by miaing 75 fd of Solution A with 
50 pil of Solution B and 125 //I of cell-free extract. The 
mixture was stirred gently at 30^ C. and 50 ^ samples were 
drawn after 60 minutes of incubation and added to a mixture 
of 100 jJl of methanol and 50 fd of chloroform. 
Subsequently, 100 fd of chbiufotm and 100 of water were 
added. The cblorofbim kyer w&s collected by centrifugaiion 
(5,000xg» 2 tninutes) and the watei/mctbanol layer was 
re-extracted with 100 fd of chlorofonn. The two chloro&mn 
layers were combined and dded. The dry residue was 
dissolved in 100 /d of acetonitrile/HzO (Shi, v/7) and 50 fd 
samples were eluted with acetonitrileyHzO (58:42, v/v) 
using an HPLC column (Chronipack lichc 10RP18, 250x4,6 
mm). In the eluate, the steroid substraie and pioducis were 
detected by a flow scintillation counter and a U.V detectoi. 
The radioactivity of the collected fractions was determined 60 
by liquid scintillation counting. Using the assay^ it was 
foond that a ceU-£pee extract obtained from K. lactis 17a/ 
C21-10L produced 17a^l dihydroxy progesterone, whereas 
cell-iicc extracts obtained from K. lactis i7a-101 and K. 
lactis CBS 2360 did noL The main product produced by 2C 
iaciis 17a-101 appealed to l)e 17a hydroxy progesterone. 
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SXAMFLE31 

In vivo Activity of p45Ql7a and P^^fpZl in 
Khxyveromyces laciis 17a/C21-101 

9 K. lactis 17a/C21-101 obtamed as described in Example 
29 and jC iacds CBS 2360 were inocttlatcd in 25 ml of 
medium D- Medium D contained per liter of distilled waten 



Yeast extract CDifoo) 10 g 

Burto FepBone (Qxoid) 20 g 

Cesdiose 20 g 

After sterilization and cooling to 30** C, 25 mg of genedcin 
dissolved in 1 ml of distilled water sterilized by membrane^ 
filtralion was added to 1 liter of medium D. Then, 100 /d of 
a solution containing the substrate [4-^C] progesterone 
20 were added to 25 ml of the completed medium. The substrate 
solution contained SOD fd [4-^'*C] progesterone (8 QAnolc) 
per ml in 10% (vA^) Tcigitol™ NP 40^dlanol (1;1, v/v). The 
cuUnres were grown at 30" C. izi a rotary shakar (^40 xpffl) 
and samples of 2ml taloen after 0 and 68 hours wexe drawn. 
25 Each sample was mixed with 2 nd of methanol After 24 
hours of extraction at 4*^ C. the mixoires were cenlrifugated 
(4,000:Kg, 15 minules). From the obtained supernatant, 
samples of 200 ;d were eluted with acetonitrile/HxO (58.42, 
v/v) using an HPLC column (Chrompadc lichr. 10 RP18, 
SQ 250x4.6 mm)» 

In the eluate, the steroid substrate and products were 
detected. The radioactivity of the collected fractions w^ 
determined by liquid scintillation counting. One of the 
fractions obtained from a culture of K. lattis 17cVC21-101 
grown for 68 hours clearly showed the presence of 17a,21 
difaydroxyprogcslcronc, whereas this compound was not 
produced in a culture of the control strain iC l^tis 
CBS2360. 

^ EXAMPLB32 

Coostrnction Transfonnation and Expression of an 
Expression Cassette Encoding the Human 3p- 
H^H in the Yeast Saccharontyces Cerevisiae 
^5 1, Generation of pUC derivatives with new polylinker sites. 
M13mpl9 (Yanisch-Peron, C- et al. Gene 33 (1985) p 
103-119) was mutagenized using oligonucleotide 

OTG2S05; 5' GCXjCTCAGCGGCCGCnTCCAGTCG 

y (SEQ ID NO: 5^ 
and a NotI site was introduced into the remaining 
sequence of the lad gene (M13TG724), Then, a 
polylmker containing EcoKI, SnaBI and NotI sites was 
inhoduced in the EcoJU site of MI3TG724 using 
ol^nncleotideft 

OTG2793: 5' AAITGCGGCCGCGTACOTMrG 3' (SEQ 
ID NO: 60) and 

OTG2796: 5' AAITCAJACGIACGCGGOOGC 3* (SEQ 
ID NO: 61) 

However, dniing the donxng step, mvlt^liteation and modi- 
fication of the insert oocorred. The resnliii:^ M13TG7244 
had the following sequence: 
CAATTCATACGTACGCGGCCGCAAT- 
TG CG G CCG GTACGTATAADfTCACTGGCCGT 
(SEQ ID NO: 62) 
Note that the EcoRI, SnaBI and NotI sites arc underlined and 
that the lacZ sequence of pUC19 is in italics. MlJrG7244 



PAGE 24/28 ' RCVD AT 4/19/2004 4:19:38 PM [Eastern Daylight Time] ' SVR:USPT0-EFXRF-1/3 ' DNiS:8729306 ' CSID:S08 231 2626 ' DUIUTION (n)m-ss):15-18 



APR. 19. 2004 4:33PM AVENTIS US PAT OEPT NO. 1748 P. 25 



37 38 

was digested witb EqdRI and SstI restriction eozytnCS and a oohesive ends wm filled in ^vidk Idenow polymerase and thft 

Ixxi&er'vvasziitiDduoediiakig 0^ plasmid tm leligBtBd. In pTG10010» Ibe GAOO/CYCl 

OTG2919: 5* CAACGOGTCCTAGG 3* (SEQ ID NO: 63) promoier no IcKigK contaiped the Xhol site and this scivcd 

uid B5 a XesmplatA far a FCR ampiification. 

OTG2920: 5' AATTCCTAGGACGCGTrGAGCr 3' ^ Z Cojwtawtion of liie Expresaon Vfectore. 

(SEQ ID NO: 64) In pTG7503, part of the remain j|]|g UcZ cxxiiog seqnence 

yielding M13TG7246. This lihlSCi added Mlul and AttII was eliminatfid by site dk^^cied mutagenesis vsng oUgo- 

sites. A Pvun fragment ooniaixung Mxc relevant n^strictioii nncteofide 

Ss^S^S" "^""^ '''''^ ^0 5' TGG0CGTCGITrrACTX:urGa5CCr. 

%UC19V^h W C. et aL. Gene 33 (1985) p - . - 

I0Lu9) was digests! wid^Ba^ and Bc^RIris^o^ J^^^^SfS*^-^^ 

er^es and a polylinkcr was mlrodnced vsing oliganucle- oiW470:TGGaxSCAA^ (SEQ ID NO; 

^^'^''^ IS 73) and 

OTG2792: 5' GATCCGCaGAXATCATCTAGATC- A-rrsli'Ti- ^. Aru-iwrr-rt'rrrron a' i^wn m wrv 

CCGGGTAGAr3» (SEQ 10 HO; 65), ^ AGCTnTGOmTGC 3 (SEQ ID NO: 

OTG2797; 5^ AGAGCTCAAGATCTACCCGG- wbich were inserted aflcr a NotI HindMI restrict 

GArcrAGArGATATCTGCG 3;j^SEQ m NO^ ^^^^ ^ sae^n^constnxct w^S^TOT^l 

OTG2794: 5' CITGAGCTCTACGCAGCTGGTCGA- 20 j^^I fragment containing the CYCl promoter of 

CACCTXGOAG 3' (SEQ ID NO: 67) and pTGlOOOd and the Mlul Hindni fragment containing the 

OTG2795.' 5' AATTCTCCTAGGTGTCGACCAGCr- PGK tcnninator of pTGlOOlS were ligatcd together. The 

GCGT 3' (SEQ ID NO: 68) ligation material was then added to pTG7553, picviously 

yielding pTG7453 (FIG. 45). digested with Mliil and HindUl xestriciion en^cs. KnaUy, 

Snbdoning of die Ibnumator. 25 oligonucleotide 

PGK Tfenainftton OTG4478: 9 GArdArCGATGCGGCCGCG 3' (SEQ 

Thepoly]ink6r5ite5b6t:weenBa]QaHlMldS&tIofpTG7453 hq, js) 

wcxu introduced mto a pTG7457 dcxivatbe and die Dfiw Iqrbridizcd with oligonudeodde 

plasraid was digested with BgSH axvl HindlJI lestiiciion OTG4479: 5* CGCXSCGCGGCCGCATCGAEA. 3* (SEQ 

enzymes and a similarly lestzicted firagment eontainznf tbo ID NO: 76) 

PGK tenzunaEor (Hiizeman, R. A et al., Nudeic Adds Res. (BamHI Mlul Irnken cx>ntaiQHOg Cal Nod situ) was added, 

10 (1982) 7791-7608); Loison, G. et al-. Yeast 5 (1989) p and ligaled together. The resulti]^ plasmid was tenned 

A^-Scn) was doncd into it The new plasorid was termed pTG10031 (JFIG. 4«)- Tlie PGR amplified jOfagmeni obtained 

pTG10014 (FIG. 46) pTGlOOM was digested with Cal 3$ ^* pYeDPli«-2 was digested with Oal and SaUresiiiotion 

rcstricdon enzyme and the cohesive ends filled in with the ^^'^^ introduced mto pTCljmi igested wid, the 

Kleoc^ polymerase yielding pTX.10015. 3^3on^?S VaS 

SubcioninE o£ Ihe PtmnotMS. pTG3828 (Ashslotte^ T. ct al.. Gene UO (1992) p 25-31) 

a) peCYa,Plromota: ^„ ^^^„ „ Migrated mtBglHirndBainm restriction ec25Pmes and 

aix,lZiIxrsegnientofpP0LmCUth6R.ct.I..G6n..57 

mtrcKfaccd mto a pTQ7457 denvaave «»] tte nc|^ ^^g^j jgj,^^^) B^, ^ 

plasMd ^ <v«o>^y^l KSta^ "S? introduced. TT» orientation which had lost the Bgin airi 

Rsal Drtf fr;«inent of 456 midMadM of pEK^ (Date 3^^^ ^ (pTCiooi2). pTC10012 was 

6taLJ_^ftKto:A«dsR|*ll(lM3>pl6^^ ^, ^ E^j^ ^^4,^; ^ ^ ^ 

ge»«un8 PTG7503. A0.78 B«nffl Hu>dm ^^of ^ ^^^^^ 5^^^.^^, Uj,^^ ^ 

pGBSCC.9 prepared an Exawpte 6 cootaaiag the CYCl ^ ^ ^ bordered by Hbdffl sites. 

piDmatBT otSaaAnro^ certnslae a polylntor and fte , cbnstiuction of the Recombioaiion Vectois. 

lactase tenmnator of KkymvmfCK toow, were sabdoned 50 cassettes conlainine the CYCl or the GALIO/ 

in P11G7503, ykshfing pTG10004 (FIG. 47). The Xhol and ,^^1 promoter and the PGK terminator vwie subclooed 

Mini sites of the CYCl promoter wete diniinai^ by tSto ^^^^^^^ containing the URAS-d gene in both 

dfreoted nmtagenesia tising oHgSftucteotJde orientations, yielding recombioation vectors 

OTG4410; 5' GCGOATCTGCTCGAAOATTGCCT- jj pTG1004l-pTG10042 and pTG10045-pTC10046 rcspec- 

^^^.n^. (ively- PTC10013 was digested wilh NotI i«siii«ion enzyme 

pTG10005 was digested with Sail and XhoT rescnetion ^^./v.-^, * ^ - * - u- 1. - ♦ 

enzymes and a MM site was introduced using oligonucle^ P^GlOtol l^ated mtoit yicldi^^ 

PTG10041 (FIG. 51) and pTGl(»42 (HG- 52> Smiikily, 

(XIG4433: 5' TCOACGGACGCXaTGG 3' (SEQ ID NO; pTG10045 (FIG. S3) and pTG10046 (FIG. 54) were 

70) and obtained from pTGlO033 and pTGi0013, 

0TG4434: 5" TCGACCACGCGTCC 3' (SEQ DO NOt 71) 5. Cbnstmctioa of Transfer Vectors 

yielding pTGl0006. cDNA coding for human SpHSDH T^pe I. obtained 

b) Tho GALlO/CYCl Promoter: 65 from Labrfe, was conlamed in the EcoRI site of pr7'y3 
The pYeDPl/8-2 (Cullin, C, Gene 65 (1988) p 203-217) vecror. Iho coding sequence corresponded to the sequence 

pUsmid was opened widi Xbol restpcdoa emzyme. The published previously by Y. Lim The ct aL (1989) Mol. 
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EndocriooL \bL 3, pp. 1310-1312, cropt that tbe 5* con- 
tained an additiexaal GGG. This plasmid was modified to 
allow diiect claizing in the eiEpressioD vectots. Firsts 4linkex 
«>iitaiz±ig a MM stte using oIigDnucleotide 

OTG4539 : 5' AATrGGACGCGTCC 3' (SEQ ID NO: 
77) 

was'iDtroduced at the 3' end of the coding sequence aftei 
pardal EcoRI digestion (pTGlOO^Q. The BcoRI site of 
pTO10036 was treated by Muog Bean Nudcase and the 
r<e6Vltant DNAwas digested by MM i^Slxic4ion enzyme. On 
the oiher hand, a Sail Mlul insert of 1.7 kb was doncd into 
the Sail Mlul sites of pTG1003l (pTGlOOSS). The SaU site 
of pTGlOOSS which cairied the QYCi promoter was filled 
in with Kleaow polymerase and the resultant pU&mid was 
digesied with Mlul res^nction eozyme. ligaticn of these 
fra^ents yielded pTG10064 ^G. 55) which contained the 
coding sequence for B^HSDH bordered by $a]I and Mlul 
restriction 3ites. The Sail Mlul fragment hxtm pTO10064 
was suboloned into pTG10Q33 yielding pTG10O65 (HG. 
5S) with 3PHSDH under control of GALlOyCYCl. 
6. Eaepression of 3PHSDH in S. cemisiae 

The yeast used in this study was strain W303-1B (MAXo, 
p% ura3-l, lcu2-3, -U2, Jiia3-Xl, -15, tjqpl-l, adc3-l, carf* 
(?), cyz*(?) [Criv^ne et al., J. BioL Chem. 263 (im) 
14323-X4333) as a modbl strain. W3(^1B was auxotiophic 
for ur&cal, leixdne, Idstidioe^ tryptophane, adenine and lesis- 
lant to canavanhusi. 

a) Construction of a Yeast— £1 coU Shuttle Vector for the 
Expr^sion of 3^HSDH, 

Using the iccombinadon vectors, assembly of the desired 
expiessioa pla$onid via recombination in vivo can be accozn- 
pUehed* Yeast was made dcctrooompetent and was trans- 
formed using 100 ng of pTGl0042 (restricted with Sail and 
MIuI) and pTG10065 (restricted with NotI). After 
electroporalion, ihe cells were plated on sclcctivie YNBG 
medium containing adenine, tryptophane, leucine and histi- 
dine but no ttradl. Aficr 3-4 days of growth, colonies were 
purified on the same medium. Saccharomyces cerevisiae 
recombined expression plasmid (SCREF) pTGlO^X 
(PromCYCl-3p HSDH-PGKtenn) was obtained in strain 
(W303-1B). The latter SQUBP was obtained by an in vivo 
recombination between the GALIO/CVCI promoter and the 
CYCl promoter; reoonstructing tbc CYCl prcmoter. 

b) Detection of 3p HSDH Antigen in Yeast by W&etem 
Blotting. 

Antibodies 

The rabbit aoti-Sp HSDH antibodies against human 
3^HSDH were obtained &om E Labde and have been 
described in V lim The et al^ (19S9) MoL findOCrinoL 
3, pp. 1310-1312. 
Western BloitiDg 

Western blotting was done as described previously (E. 
Dcgrys© ©t al., (1992) Gene Val. 118, pp. 47-53) except that 
anti-3pHSDH antibodies were used. 

c) OoosrpartmeDtation. 

CODapanmentaiion was studied in strain W303-1B trans- 
formed with SCRBP PTG10201 (CYCl4^3p HSD^f. CcHs 
were divided into cytosol, mitochondria and miaosomes 
according to C. Cullin and al.. Gene 65 (1988) p 203-217. 
Western blots and activity measurements were pexfbnned on 
fractions of the tmtransfbrmcd and two trans£6n»ed strains. 
The conLroI (untransforooed strain) was found to be negative 
all ovex. For the Oiher strains, most of the activi^ was found 
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in the mitochondrial and microsomal firactibns. These results 
wczB oonfitmsd In the Western blot, showing the correct sne 
of the expressed gene product 

d) In vitro Activity of 3|3 HSDH After InductiOA in Minunal 
s Medium and Cell Fractionation. 

Cells were grown undl an optical density betnreen 2 and 
5 at 600 nm, in YNBG medium supplemented with 
casamino acids (0,5%) and tryptophane, adenine, hisfjdine 
and leucine. After haivest of the cells by centrifugation, 
microsomes were prepared according to C. Cullin and ai.. 
Gene 65 (1988) p 203-217. The 3p HSDH activity was 
measured with th^ method of Bauer H. C et al, J. Steroid 
Biochem. 33 (1989) 643-646. The microsomes were taken 
15 up in THsHG 50 mM pH7.4, EDTA 2 mM, glycerol 20% 
and stored at -20° C uruil used. The protein ccH)oeDtratioa 
was 3.75 mg/mL Activity was measured in DPBS-i-BSA 
(0.175 ml)+pregnenoloite (0.005 nil;l f4Ci=40 nmols/ml) 
aiKi 19 /<g of midosomal extract/tube. The reaction was 
started by the addition of NAD 10 mM (0.015 ;d) and lasted 
for 60 oaioutes at 37** C Controls were used in which the 
reaction w» slopped immediatsly after substate addition to 
the compl&te xeaction mixtuie (t^h) or to tbe NAD deleted 
25 icaclion mixture (tuiOh-NAD). 

Tbe in vhro activity of 3p HSDH was measured using 
radioacdvc pregneDolone. After incubation at 37' C, the 
bulk of the pregnenolone was precipitated with digitonin and 
the soluble product (progesterone) was measured hy sdo- 
90 tination counting. A microsomal fraction of W303-1B/ 
pTG10201 (CYCl-^3() HSDH) wasshom to be active m the 
presence of NAD only. 
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_^AJ} <fepcafen» of 3ft HSDH acavilv 

$0*- (t-Oh-NAD) 
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17 000 
0 



mm 
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Activity was also measured aj&er cell ^clionation (see 
above). Activity was measured in DPBS+BSA (0.077 ml)+ 
pregneoolone (O-0O2 ml^l ;Ci-40 nmol6/ml)+NAD (0.01.0 
jtd, 10 mM) and 7 ^g of cyfosolic extract, ^ fig of ffiitochon- 
diial extract and 6 /<g of microsomal extrac^tiTbe. 
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The activity measurements coincided with the results of 
the Western blot Activity was found in the mitochondrial 
^5 and microsomal fraction. No activity was present in the 
cytosol nor in any fraction obtained &om uotransformed 
yeast After a 15 mimites incubation at 37^ C, the conver- 
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aon of pregnenolone xoto progf^tcrone was naea- GAAGCT ($EQ ID NO: 79)). The Hmdm fragment was 

siired f or 1 ^ amounts of the foUofwing firactioos; doned into pTGlOOlS (set FIG. 50) digested ^nHh Hmdm 

mitochondria, 66% convcision; micro-somes, 15% n$idc(iDii enzymo and was ticalcd with pbosj^atase. This 

eonversiDn, cytofiol, 3% conveisbn. The reaction was sot • yielded both orieutatiODs, pTG10023 and pTG10ll24^ NotI 
linear with time, bat this point VTas not investigated ftvlh«: ^. fragm&nt containing the expicssiDn blodk of pTGlOOSl 

The coKXvei&ion of pregnenolone into piogesteiione was (PIQ. 4S) subdoned into pTG10023 and yielded 

demonstrated in vivo (see below> pTG10158. The orientation of the selection maiker and the 

e)In vivo Activity of 3p HSDH c;qxres$ioablo(kiapTG10158 was similar to that pn&sentm 

Biooonversion of ptegnenolone into progesterone: pTGl0042 (FIG. 52). pTQl0158 generated pTG10260 mn- 

TVansfoitncd yeast cclk were grown in the piesenoe of 100 pty by eliminating the single Xbal site contained in the 2 /m 

^ CT™"^ f"^ "^f ^""""^ '^^^^^ ^ ^^^^ *^»x»v*^' The egression blocks from 

analyzed by RP-HPLC for conversion into progesietone. TmnA^cc ru -»c» xrerxTM . r\ j ^^^r-^ 

The prclimLry result showed tbeaccumulati^ofp^^ °^°^f ^^}^^^J^^^ ^ and pTO 10058 

teronfr in the cokure medium of transformed yeasL 15% of ^^^^ mtroduced next, yielding the final 

pregnenolone was converted info progesteicwic in 2 days. ^^^T^^SiOn plasmidis, respectively pTGl0261 and 



EXAMPLE 33 



PTG10269. 

3. Transformation otSaccharmnyces cersvisiae 



Cdnstniction, Transformation and Biooonversion __ * 

&om an Expression Cassette Encoding Human 3p- ^ W303-1B was transformed using a transfor- 

HSDH and Bovine P^^ 17a in Saceharomyces nialion protocol described by Cauermann, Curr. Geneiics, 

cermsiae 20, pp. 1-3, (1991). Etbanol improved the transfonna- 

tion efficiency of intact yeast cells. The yeast cells were 

1. Construction of Transfer Vectors for Human 3^- transfonncd with 1 of pTG10261 +pTG10269 (no carrier 

X o-t. 1 - K^^^^^f « DNA was utilized). After transformaiion and plating out on 

'^?;i^5ri°i^?*'^5^^^^*'^^ agarplates containing Y^ffiG+casamino acids Om%+W^ 

.^7^^^^^.^ % ^^n'^'.Jf' ^ 0,01%.WAHL, candidate cob- 

p(5B17a-5 described m example 14 (FIG, 24) was lefor- ^ » » , « , - 

J IT -^TT^ - Y . . i ^ ^ were conntmed on jselectrve medium. Selection was 

matted on Sail MM restriction sites by introduction of a v^rni-^^ n A-ia: xirx^ /tTt i * 
•k*i T •* • * -1. w T . * i_ . 30 done on YPJBG+casmimo acios 0.01%+WAH fW«TrpJW 

Mlul site into (he Xhol site of the vector. The Sail Mhil . tt tt^ \ nr-n _i . ii 7^ / * ^'P*" 

* , _ . , J . , r«/^- AA-,-, / , ademne,H=Hi5). PGR wasxuscd to confirm ihe simultaneous 

fiagKoent was subdoned into pTG10Q3X (example 32. HG. i ^ ^ ^ tv^,. 

4ft\irn,««. ^«twsi fu^ ..^..Ij ttT pteseooe of the selective marker and the cDNA assodatcd 

v>) under control or the CYCl promoter. This vector was ^-.u 

oaUed pTGl0058. 

Ihe vector pTG 10065 wrth cDNA encoding human Saccharom^ cer^a/ 

39-H5DH type I under control of the GallO/CYCl promoter 

was obtairted in Example 32 (JIG. 56). Koconvcrsion was measured with 100 jWg^l of preg- 

nenolone incubated at 30*" C with cells on YNB-i-glyc^roli^ 
2. Qm$txuction of a Yea$t-£. coU Stmtde Vector fai ^ WAH medium. S^plcs were taken aflcr 2 days» then were 
the Eacpression of Human 3PHSDH lype I and extracted and analyzed by RP-HPLC Values for 17a- 

Bovine P45ol7a hydroxyprogesterone (170H-PR0G) and progesterone 

Usfag recombination vectors, assembly of the desired (PROG) were eaqnessed as fig/mi with dnpUcai* data from 
expressiCtoplasmid via recombination in vivo can be aceom- 45 clones. Ihe fbUowing results were obtained, 

plashed. Plasmxds contaimng CYCl^^-PGK^,^ and the 
cDNAs for bovine P^5^^ 17a orhttman3?-HSDH typel were 
coupled with L£U2 or l}RA3-d as selectioa markers, 
respectively. Recombination vectors were derated con- 
iainine &e yeast 2 /on, a replicon, an expression cassette ^ 
with the CYCl ^-PGK^ and diflferent selection markers 
URA3-d (pTGlQ259) or LEU2 (pTG10260). pTG10259 is 

SSL? ^ P'^^'^lLjri^?^^^ bioconvcrsion of pregnenolone into 17<x- 

PTO10042 preroi^y described m Ex^le 32 (FIG. 52) hydroxyprogesterone was achi^ in yeast by 

except tliat the sm^ Xbal Site contamedm the 2 ;um region of 3B-HSDH and P 17a. 
was replaced by a Xbal site, obtained through filling in by 

the KIcnow polymerase and religation. EXAlVIPUB 34 

The LEU2 containing reoombination vector was con- 
structed as follows. Inio a plasmid cgntaining the L3SU2 ^ ^ vivo Activity of Bovine ^^sf^'^<^ Transformed 

gene (Gcnbank locu« YSCLEU2, accession number iauy\^eromyces lacHs 

J01333), Hindm ates into the HpftI Site (located at position Transformation of K. loafs strain CBS 2360 was pcr- 

241 xvere iniroduoed in YSCLEU2, using as an adaptor formed with pGB 17a-5 as described in Example 14 and in 

oUgpnucleotide OTG4464: CACAAGCrTGTG (SEQ ID vivg activity was dctcnnined in the whole cells of the 

NO: 78)) and Sail siie (at position 2213 in YSCLEU2, using Irans&imed iC lacfis strain. Four independent transfomianls 

as an adaptor oUgo nucleotide OTG4463: TCGAGG- (17a-3,17a-7,17a-10 and l7a-ll) were grown in rich 
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medinm (10 g of yeast cxtncts, 10 g of bactop^tone &Dd 20 
g of gturu^se/liter) far Tl bom to leadti an A^OO of at least 
30. The ceDs were haxvested and resnspended a 1x10" 
ccDsAnl (A600 -1). 

Five ml of culture were iEcubatcd in the proscuoc of 
^H-labeUed jwgesierone (20 fM) for 24 hours at C. and 
ihcn ^ffm eslractcd ^ih dicfalorOfflethane. RP-HPLC analy- 
sis showed that piogbsteitme was specifically iraosformed 
into 17a-hydroxyprogcstcronc. The amount 6f 17(1- lo 
hydroJcyprogestBrone was about 40% (about 23% to 58% 
depeDding on the traosfoimaDt) of th& subslract added (sec 
FIG. 57 concspoading to 17a-3). No andiostenedione. 



tviiidi was the product of the C17-20-lya8e activity of 
p45ol7a, was dejected. 

^H-Iabellcd ITa-hydroxyprogcsteronc was also incubated 
with the traDsfoimants under the ocmditions described above 
and after 24 houis of incubation, no androstenedione was 
detected. Tbesc dat& indicate that the bovine F^^^lTa 
expressed tu iC hctis upder tbe lactase promoter does Aot 
show a»y activity Ci7-20 lyase. 

Vuiotts modificaiions of the products aod method of the 
invention may be made without departing &oai the spirit or 
scope thereof and it is to be undcistDod that the invention is 
intended to be limited only as delined in the appended 
cbini5. 



PAGE 28128 ' RCVD AT 4I19I20H 4:19:38 PM [Eastern Daylight fime] * SVR:USPT0-EF](RF-1/3 * DNIS:87293I)6 ' CSID:908 231 2626 * DURATION (inni-ss):1M8 



